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OP PHe TS AND” RULES 


OF 


THE ASSOCIATION. 


—+——_ 


OBJECTS. 


Tae Assocration contemplates no interference with the ground occupied 
by other institutions. Its objects are:—To give a stronger impulse and 
a more systematic direction to scientific inquiry,—to promote the inter- 
course of those who cultivate Science in different parts of the British 
Empire, with one another and with foreign philosophers,—to obtain a 
more general attention to the objects of Science, and a removal of any 
disadvantages of a public kind which impede its progress. 


RULES. 


Admission of Members and Associates. 


All persons who have attended the first Meeting shall be entitled to 
become Members of the Association, upon subscribing an obligation to 
conform to its Rules. 

The Fellows and Members of Chartered Literary and Philosophical 
Societies publishing Transactions, in the British Empire, shall be entitled, 
in like manner, to become Members of the Association. 

The Officers and Members of the Councils, or Managing Committees, 
of Philosophical Institutions shall be entitled, in like manner, to become 
Members of the Association. 

All Members of a Philosophical Institution recommended by its Coun- 
cil or Managing Committee shall be entitled, in hke manner, to become 
Members of the Association. 

Persons not belonging to such Institutions shall be elected by the 
General Committee or Council, to become Life Members of the Associa- 
tion, Annual Subscribers, or Associates for the year, subject to the 
approval of a General’ Meeting. 


Compositions, Subscriptions, and Privileges. 


Lire Mempers shall pay, on admission, the sam of Ten Pounds. They 
shall receive gratuitously the Reports of the Association which may be 
published after the date of such payment. They are eligible to all the 
offices of the Association. 

Annvat Susscripers shall pay, on admission, the sam of Two Pounds, 
and in each following year the sum of One Pound. They shall receive 
gratuitously the Reports of the Association for the year of their admission 
and for the years in which they continue to pay without intermissicn their 
Annual Subscription. By omitting to pay this subscription in any par- 
ticular year, Members of this class (Annual Subscribers) lose for that and 
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all future years the privilege of receiving the volumes of the Association 
gratis: but they may resume their Membership and other privileges at 
any subsequent Meeting of the Association, paying on each such occasion 
the sum of One Pound. They are eligible to all the Offices of the Asso- 
ciation. 

Assocratns for the year shall pay on admission the sum of One Pound. 


They shall not receive gratuitously the Reports of the Association, nor be 


eligible to serve on Committees, or to hold any office. 


The Association consists of the following classes :— 


1. Life Members admitted from 1831 to 1845 inclusive, who have paid 
on admission Five Pounds as a composition. 

2. Life Members who in 1846, or in subsequent years, have paid on 
admission Ten Pounds as a composition. 

3. Annual Members admitted from 1831 to 1839 inclusive, subject to 
the payment of One Pound annually. [May resume their Membership 
after intermission of Annual Payment. | 

4, Annual Members admitted in any year since 1839, subject to the 
payment of Two Pounds for the first year, and One Pound in each 
following year. [May resume their Membership after intermission of 
Annual Payment. | 

5, Associates for the year, subject to the payment of One Pound. 

6. Corresponding Members nominated by the Council. 


And the Members and Associates will be entitled to receive the annual 
volume of Reports, gratis, or to purchase it at reduced (or Members’) 
price, according to the following specification, viz. :— 

1. Gratis.—Old Life Members who have paid Five Pounds as a com- 
position for Annual Payments, and previous to 1845 a fur- 
ther sum of ''wo Pounds as a Book Subscription, or, since 
1845, a further sum of Five Pounds. ; 

New Life Members who have paid Ten Pounds as a compo- 
sition. 

Annual Members who have not intermitted their Annual Sub- 
scription. 

2. At reduced or Members’ Prices, viz. two-thirds of the Publi- 
cation Price.—Old Life Members who have paid Five Pounds 
as a composition for Annual Payments, but no further sum 
as a Book Subscription. 

Annual Members: who haye intermitted their Annual Sub- 
scription. 

Associates for the year. [Privilege confined to the volume 
for that year only. ] 

3. Members may purchase (for the purpose of completing their sets) 
any of the volumes of the Reports of the Association up 
to 1874, of which more than 15 copies remain, at 2s. 6d. per 
volume.! 

Application to be made at the Office of the Association, 22 Albemarle 
Street, London, W. 


Volumes not claimed within two years of the date of publication can 
only be issued by direction of the Council. 


Subscriptions shall be received by the Treasurer or Secretaries. 


? A few complete sets, 1831 to 1874, are on sale, £10 the set. 
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Meetings. 


The Association shall meet annually, for one week, or longer. The 
place of each Meeting shall be appointed by the General Committee two 
years in advance; and thearrangements for it shall be entrusted to the 
Officers of the Association. 


General Committee. 


The General Committee shall sit during the week of the Meeting, or 
longer, to transact the business of the Association. It shall consist of the 
following persons :— 


Cuass A. PERMANENT MrEmBERS. 


1. Members of the Council, Presidents of the Association, and Presi- 
dents of Sections for the present and preceding years, with Authors of 
Reports in the Transactions of the Association. 

2. Members who by the publication of Works or Papers have fur- 
thered the advancement of those subjects which are taken into considera- 
tion at the Sectional Meetings of the Association. With a view of sub- 
mitting new claims under this Rule to the decision of the Council, they must 
be sent to the Secretary at least one month before the Meeting of the 
Association. The decision of the Cowncil on the claims of any Member 
of the Association to be placed on the list of the General Committee to be 
final. 

Crass B. Temporary MEMBERs. 


1. The President for the time being of any Scientific Society publish- 
ing Transactions or, in his absence, a delegate representing him.’ Claims 
under this Rule to be sent to the Secretary before the opening of the Meeting. 

2. Office-bearers for the time being, or delegates, altogether not ex- 
ceeding three, from Scientific Institutions established in the place of 
Meeting. Claims under this Rule to be approved by the Local Secretaries 
before the opening of the Meeting. 

3. Foreigners and other individuals whose assistance is desired, and 
who are specially nominated in writing, for the Meeting of the year, by 
‘the President and General Secretaries. 

4, Vice-Presidents and Secretaries of Sections. 


Organizing Sectional Committees.” 


The Presidents, Vice-Presidents, and Secretaries of the several Sec- 
tions are nominated by the Council; and have power to act until their 
names are submitted to the General Committee for election. 

From the time of their nomination they constitute Organizing Com- 
mittees for the purpose of obtaining information upon the Memoirs and 
Reports likely to be submitted to the Sections,’ and of preparing Reports 
thereon, and on the order in which it is desirable that they should be 


1 Revised by the General Committee, Southampton, 1882. 

2 Passed by the General Committee, Edinburgh, 1871. : 

8 Notice to Contributors of Memoirs—Authors are reminded that, under an 
arrangement dating from 1871, the acceptance of Memoirs, and the days on which 
they are to be read, are now as far as possible determined by Organizing Committees 
for the several Sections before the beginning of the Meeting. It has therefore become 
necessary, in order to give an opportunity to the Committees of doing justice to the 
several Communications, that each Author should prepare an Abstract of his Memoir, 
of a length suitable for insertion in the published Transactions of the Association, 
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read, to be presented to the Committees of the Sections at their first 
meeting. The Sectional Presidents of former years are ez officio members 
of the Organizing Sectional Committees.' 

An Organizing Committee may also hold such preliminary meetings as 
the President of the Committee thinks expedient, but shall, under any 
circumstances, meet on the first Wednesday of the Annual Meeting, at 
11 a.M., to nominate the first members of the Sectional Committee, if 
they shall consider it expedient to do so, and to settle the terms of their 
report to the General Committee, after which their functions as an 
Organizing Committee shall cease.” 


Constitution of the Sectional Committees. 


On the first day of the Annual Meeting, the President, Vice-Presi- 
dents, and Secretaries of each Section having been appointed by the 
General Committee, these Officers, and those previous Presidents and 
Vice-Presidents of the Section who may desire to attend, are to meet, at 
2 p.M., in their Committee Rooms, and enlarge the Sectional Committees 
by selecting individuals from among the Members (not Associates) present 
at the Meeting whose assistance they may particularly desire. The Sec- 
tional Committees thus constituted shall have power to add to their 
number from day to day. 

The List thus formed is to be entered daily in the Sectional Minute- 
Book, and a copy forwarded without delay to the Printer, who is charged 
with publishing the same before 8 A.M. on the next day in the Journal of 
the Sectional Proceedings. 


Business of the Sectional Committees. 


Committee Meetings are to be held on the Wednesday at 2 p.m., on the 
following Thursday, Friday, Saturday, Monday, and Tuesday, from 10 to 
11 a.m., punctually, for the objects stated in the Rules of the Association, 
and specified below. 

The business is to be conducted in the following manner :— 

1. The President shall call on the Secretary to read the minutes of 
the previous Meeting of the Committee. 

2. No paper shall be read until it has been formally accepted by the. 
Committee of the Section, and entered on the minutes accord- 
ingly. 

3. Papers which have been reported on unfavourably by the Organiz- 
ing Committees shall not be brought before the Sectional 
Committees.4 

At the first meeting, one of the Secretaries will read the Minutes of 
last year’s proceedings, as recorded in the Minute-Book, and the Synopsis 
and that he should send it, together with the original Memoir, by book-post, on or 
CLOLE 2 £275 « scisiacins acaain asa aaaseees , addressed thus—‘ General Secretaries, British Associa- 
tion, 22 Albemarle Street, London, W. For Section ........ > Tf it should be incon- 
venient to the Author that his paper should be read on any particular days, he is 
requested to send information thereof to the Secretaries in a separate note. Authors 
who send in their MSS. three complete weeks before the Meeting, and whose papers 
are accepted, will be furnished, before the Meeting. with printed copies of their 
Reports and Abstracts. No Report, Paper, or Abstract can be inserted in the Annual 
Volume unless it is handed either to the Recorder of the Section or to the Secretary, 
vefore the conclusion of the Mecting. 

1 Added by the General Committee, Sheffield, 1879. 

2 Revised by the General Committee, Swansea, 1880. 

3 Passed by the General Committee, Edinburgh, 1871. 
4 These rules were adopted by the General Committee, Plymouth, 1877. 
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of Recommendations adopted at the last Meeting of the Association and 
printed in the last volume of the Transactions. He will next proceed to 
read the Report of the Organizing Committee.'!’ The list of Communi- 
cations to be read on Thursday shall be then arranged, and the general 
distribution of business throughout the week shall be provisionally ap- 
pointed. At the close of the Committee Meeting the Secretaries shall 
forward to the Printer a List of the Papers appointed to be read. The 

Printer is charged with publishing the same before 8 A.M. on Thursday in 

the Journal. 

On the second day of the Annual Meeting, and the following days, 
the Secretaries are to correct, on a copy of the Journal, the list of papers 
which have been read on that day, to add to it a list of those appointed 
to be read on the next day, and to send this copy of the Journal as early 
in the day as possible to the Printer, who is charged with printing the 
same before 8 A.M. next morning in the Journal. It is necessary that one 
of the Secretaries of each Section (generally the Recorder) shonld call 
at the Printing Office and revise the proof each evening. 

Minutes of the proceedings of every Committee are to be entered daily 
in the Minute-Book, which should be confirmed at the next meeting of 
the Committee. 

Lists of the Reports and Memoirs read in the Sections are to be entered 
in the Minute-Book daily, which, with all Memoirs and Copies or Abstracts 
of Memoirs furnished by Authors, are to be forwarded, at the close of the Sec- 
tional Meetings, to the Secretary. 

The Vice-Presidents and Secretaries of Sections become ez officio tem- 
porary Members of the General Committee (vide p. xxiii), and will receive, 
on application to the Treasurer in the Reception Room, Tickets entitling 
them to attend its Meetings. 

The Committees will take into consideration any suggestions which may 

_ be offered by their Members for the advancement of Science. They are 
specially requested to review the recommendations adopted at preceding 
_ Meetings, as published in the volumes of the Association and the com- 
munications made to the Sections at this Meeting, for the purposes of 
selecting definite points of research to which individual or combined 
exertion may be usefully directed, and branches of knowledge on the state 
and progress of which Reports are wanted; to name individuals or Com- 
mittees for the execution of such Reports or researches; and to state 
whether, and to what degree, these objects may be usefully advanced by 
the appropriation of the funds of. the Association, by application to 
Government, Philosophical Institutions, or Local Authorities. 

In case of appointment of Committees for special objects of Science, 
it is expedient that all Members of the Commnvittee should be named, and 
one of them appointed to act as Secretary, for insuring attention to business. 

Committees have power to add to their number persons whose assist- 
ance they may require. 

The recommendations adopted by the Committees of Sections are to 
be registered in the Forms furnished to their Secretaries, and one Copy of 
each is to be forwarded, without delay, to the Secretary for presentation 
to the Committee of Recommendations. Unless this be done, the Recom- 
mendations cannot receive the sanction of the Association. 

N.B.—Recommendations which may originate in any one of the Sec- 
‘ tions must first be sanctioned by the Committee of that Section before they 


1 This and the following sentence were added by the General Committee, 187]. 
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can be referred to the Committee of Recommendations or confirmed by 
the General Committee. 

The Committees of the Sections shall ascertain whether a Report 
has been made by every Committee appointed at the previous Meeting 
to whom a sum of money has been granted, and shall report to the Com- 
mittee of Recommendations in every case where no such Report has been 
received.! 


Notices regarding Grants of Money. 


Committees and individuals, to whom grants of money have been 
entrusted by the Association for the prosecution of particular researches 
in science, are required to present to each following Meeting of the 
Association a Report of the progress which has been made; and the 
Individual or the Member first named of a Committee to whom a money 
grant has been made must (previously to the next Meeting of the Associa- 
tion) forward to the General Secretaries or Treasurer a statement of the 
sums which have been expended, and the balance which remains dispos- 
able on each grant. 

Grants of money sanctioned at any one Meeting of the Association 
expire a week before the opening of the ensuing Meeting; nor is the 
Treasurer authorized, after that date, to allow any claims on account of 
such grants, unless they be renewed in the original or a modified form by 
the General Committee. 

No Committee shall raise money in the name or under the auspices of 
the British Association without special permission from the General Com- 
mittee to do so; and no money so raised shall be expended except in 
accordance with the rules of the Association. 

In each Committee, the Member first named is the only person entitled 
to call on the Treasurer, Professor A. W. Williamson, University College, 
London, W.C., for such portion of the sums granted as may from time to 
time be required. 

In grants of money to Committees, the Association does not contem- 
plate the payment of personal expenses to the members. 

In all cases where additional grants of money are made for the con- 
tinuation of Researches at the cost of the Association, the sum named is 
deemed to include, as a part of the amount, whatever balance may remain 
unpaid on the former grant for the same object. 

All Instruments, Papers, Drawings, and other property of the Associa- 
tion are to be deposited at the Office of the Association, 22 Albemarle 
Street, Piccadilly, London, W., when not employed in carrying on scien- 
tific inquiries for the Association. 


Business of the Sections. 


The Meeting Room of each Section is opened for conversation from’ 
10 to 11 daily. The Section Rooms and approaches thereto can be used for 
no notices, exhibitions, or other purposes than those of the Association. 

At 11 precisely the Chair will be taken, and the reading of communi- 
cations, in the order previously made public, commenced. At 3 p.m. the 
Sections will close. 

Sections may, by the desire of the Committees, divide themselves into 
Departments, as often as the number and nature of the communications 
delivered in may render such divisions desirable. 


‘ Passed by the General Committee at Sheffield, 1879. 
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A Report presented to the Association, and read to the Section which 
originally called for it, may be read in another Section, at the request of 
the Officers of that Section, with the consent of the Author. 


Duties of the Doorkeepers. 


1.—To remain constantly at the Doors of the Rooms to which they are 
appointed during the whole time for which they are engaged. 

2.—To require of every person desirous of entering the Rooms the ex- 
hibition of a Member’s, Associate’s, or Lady’s Ticket, or Reporter’s 
Ticket, signed by the Treasurer, or a Special Ticket signed by the 
Secretary. 

3.—Persons unprovided with any of these Tickets can only be admitted 
to any particular Room by order of the Secretary in that Room. 

No person is exempt from these Rules, except those Officers of the 
Association whose names are printed in the programme, p. l. 


Duties of the Messengers. 


To remain constantly at the Rooms to which they are appointed, dur- 
ing the whole time for which they are engaged, except when employed on 
messages by one of the Officers directing these Rooms. 


Committee of Recommendations. 


The General Committee shall appoint at each Meeting a Committee, 
which shall receive and consider the Recommendations of the Sectional 
Committees, and report to the General Committee the measures which 
they would advise to be adopted for the advancement of Science. 

All Recommendations of Grants of Money, Requests for Special Re- 
searches, and Reports on Scientific Subjects shall be submitted to the 
Committee of Recommendations, and not taken into consideration by the 
General Committee unless previously recommended by the Committee of 
Recommendations. 

Local Committees. 

Local Committees shall be formed by the Officers of the Association 
to assist in making arrangements for the Meetings. 

Local Committees shall have the power of adding to their numbers 
those Members of the Association whose assistance they may desire. 


Officers. 


A President, two or more Vice-Presidents, one or more Secretaries, 
and a Treasurer shall be annually appointed by the General Committee. 


Cowneil. 


In the intervals of the Meetings, the affairs of the Association shall 
be managed by a Council appointed by the General Committee. The 
Council may also assemble for the despatch of business during the week 
of the Meeting. 

Papers and Communications. 


The Author of any paper or communication shall be at liberty to 
reserve his right of property therein. 
Accounts. 


The Accounts of the Association shall be audited annually, by Auditors 
appointed by the General Committee. 


“Dsgy “eo ‘Ur Ay “bsg “AoyaToyy ULVTTTT A ee) ‘aa ‘Wosurqoxy *yY “yy, ‘AOI : : 
“UNAN “OL “Wosaup “sop "aay { os aad Teeeeesceess owey-aT satd “UOPIGIBH "YT “AL as} Saeng alice aah rat nance an SDE) ‘wu0p a 
“WW ‘Arpoaayg uyor rossojorg (ttt tres se tt ee tees e+ sorepy qumoost |, *[OMOJSIT] JO [IU ONL SWu ASsou JO TUVaA aL 
"Sr “bsq ‘poomAay somer eee ee ee ww eee a0 SE ee ee pee pao ee ‘poom Koy urureluag ag A t ‘ = 
“OWN “bs ‘BupwtopT * Ay “esr SW “bsg ‘Samay O"M *S*H “VI yorazpag "yest | noee ees engi gee Un aay eo = 
SVU “bsg ‘erry toyeg (om ST A oqo “A\ “AON PUB “UOH “SUA TO'd “bsir ‘wowed uyor ' PORE OO TSE 
“bsq “unl ‘aop{ey, pareyony “bsg “xo,g ot Ay 4.19077 ie eae seers sqegy ‘puepoy “(rT alg . ‘ G 
“STW “WyIUIg Woy FT 109 pelos tinh sas envi ees « er (HOUTEN 36) ae) Beis Pe ie TPS ‘62 Atop “HLOOWAT s _ 
‘SW “bsg ‘swaey Avoug * Ay eee TW ONT PAO'T *AOPOW JO [LUG] au) SC TEL OPES et Aue 
> “bsy ‘Suvaqg ugor { sees aquINoSpy-JUNOTYT JO [eq oy, ‘SW “qavg ‘aneqsg ‘TW LE as ) ‘OFSL ‘LT taqmmoqdag ‘MopsvTy 
“O'TT TOI “A “fA “DST TOEPPYT Morpuy ("SW “toysMorg, prarc .1g ‘E'S WT “Yoouda.t) paory wrouoy-aoleyy fe Sd “ANVETVGVaud FO SINDUVI 94D 
“Ds “I9SO FOOT “SUA “bsg ‘wosSpoyy ydosop (tte eters ste ss ses eeeeeseeess QuBrreyoRTy pedrourntg ‘aay £10A aL F 
‘CW “bsg ‘aoysrye(g oie Sw “bsg ‘or0p ugor “dd “uosnrqoy “WL “AY ou. } "om Saar yf peach ‘9% ae HME . Py 
"Sa “bay Teyaeg od1ooy (teres yqnougaeg Jo [lem ONL ‘uojdueyjazoy Jo smbavyy ou. } Vo SWa “WW LYNOOUVA NONUA “AM “ATU OTL 


“SW “SV “doysuyor tossajorq- 
Sa “bsp ‘uoyqn yy ‘Ur Ay 
‘OR fesciir “Ds ‘uosuepy uyor 


sence cess oommonrer “bsq ‘Aqiag uygor xnveprtg ) 


sh" Om “ora yy “qanmooByyT WOTLIAA “Ay “A , 
Bhs sian ctedett aan Vs era UBGING TO OUSIe one | OV SOU “SUL ANVIUAINAHLUON LO TAA UL 


“SE8T ‘02 JSUSUY ‘ANA T-NO-GTLSVOMAN 


Ce a) ‘ 


SW TOAMATTAL “AL “AIT “LEST ‘TT toquieydas “TooaUarAry 
BRO VON OO Hoi Doe re ia. CUO Os pt ree “WOODi Anuy op dytgd as ** * uopuory Jo AYISIVALU) 9Y4 JO AOTIVO 
‘Sad T° “bsg * uoTeC UYOl “SOW “S"1'd “Woon Jodoysig op.) -uvyp “SO “S'u' ‘NOLONITHNG FO TUVA UL 


“bsg ‘uapuoaoy “7 "A. {' ‘SW “a “bs ‘paeprd ‘OL SOT VS" “orwaq.Aaop “dA fone “QERT ZZ Jsusny “ToLsMig 
{ 


*[OOdAVATT 
‘Worjngysuy [ekoy ‘sorg “bsqy ‘toy[VA\ *“N Ydesor 
“bsg ‘vling aory[e A “WAY “CIN “ety, Tossayorg 


‘om “Sud “Cw ‘Auoque tossojorg [ttt ttt poe ‘SW ‘uojdwmvyzt0oN Jo smbavyy oy Joy “Sura “TO'a ‘ANMOGSNVT JO SINDUVIN UL 


Oy af ‘pAory IOSSOJOIT "ANT Ce es Ce ‘OR Gon Ty ‘Ta-Maty AY. “Mh "ADIT 
oy “purparay Jo [eAoyy "uO.Ssy ‘uozptMER, AT A ag [ttt 


"Css ‘OL ysnany ‘Nrianq 


testes eeeeeseecouearer ovat SUMOPUBUIXG FUNOOSTA J ttttttttteeeeeeess cond ‘GxOTT LSOAOUd ‘AMY UL 


bene eeenereeeees sey SHOSUIqOY, YE * *AOY { . *PESL ‘g raqmioqydeg ‘HOMAANTAay 


Sate Me ctho Senags nc cchice Be msde al “Sy “lOISMOL PALL AIG | 


Cc ii 


“T'S 00g “UOsuIqoyy UyOLP AIG 
‘om “OL WT ‘SW ‘sq.t0,y zossejorg 


ne ie ia: G8 


“TO “OM “ANVESIUM TIVSOOGOVNN “L UIs 
! ; “ITT TOMO “AL AOTT (TST htt tet cece cece es cee eee vs eee eoere dr Spo “bsg “u0ITeC uyor | “Ee8T ‘eg ung “ADaIuaNvO 
SOLS Tua “VW ‘Ao[suaH tossojorg *Aoy te eeesecceeeecesron ‘Tefoy tomouo4sy “Std “bsq ‘Ary dp) ‘s'y'd'A “S'U'd'A “WW “SMOIMDCES WVCV ‘ATU UL 


“orp ‘ ‘Sr WD AEVALT "SMO TMOSROTOL DFAS Ty ( Azite's e's snare sia pis e¥isic es /visaaisie "209 "[OA4) ‘sory * ee “TIOMOTLAL “AK ett “ZEST “6T oun ‘au0rAXO 
‘on * “Sara ‘ ‘aw ‘Auequeq rossojorg (°° Ce ‘oN “AE "T'S <5 iat 14S Mog pravq ay J ‘ow Som iT Ceenr eT “Od ‘ANvIMOod “A “ATU OL 


TOON) Satine Wat T sch CORSO FONT | ing ainrnleiejainipen.cleisle euiae/sie seqignermiceeyaira ake sete Oe tye “LEST ‘22 taqmaydeg “Mu0X 
‘Soy “bsg “unt ker5 WeTTITA J SY “Sw “VTL 4amoorw yy UouaA "Ay sou { om osya “Sd “TO NVITTIMZLIG THVE UL 
‘SaluYVLSYNOSS 1V007 *SLNAGISSYd-JOIA *SLNAZGISTad 
‘FUBTIOOUSWIMMOF) S}T UOAT ‘SOLIB}OLIOG [eoorT pue 


‘syUOpISoT-9TA ‘S}UOPISAL YIIM ‘WoryVIOOssW YStpAg oY} JO Surpsayy Jo sowry, puv soovrg oy} Surmoys ofqvy, 


‘ST CUS WA “CW ‘Moye. Iossoyorg 
‘DL'S Wa “VN ‘PULpley Lossoyorg “Ae 


‘sta “bsq ‘aurosuey 8.1004) 
“bsg ‘TAPP ANYZLy 25.1005) 
“bsg ‘suig ULATIIC 

‘SVU “bsg ‘Avy sopreyo 


“TSS % Sjup “HOIMSdT 
bese eaeeteeeeeecenecereetsretesereres © TBKOM TOULOM 


“WN ‘YOIMBpag losseyorg *Aoxy | -01SV ogra & ‘To'a “bsg ‘AUIVY TIEACd1d@ ZOUOAD 


“qava “UOJOIPPUN “A “A UIVITILAN TS ‘qaug ‘neallog "d Wor ay 


‘swf 
een a “WT ‘AMO[SUAFT AOSSEJOL *AET 
a 


(s sere teereonoee utes *bem ‘Tepe ‘aL ‘IW “DSi ‘ploqqog ‘o'r 


teehee ss TOTMION Jo doysig Ploy ate ‘dW ‘weyse]pucxy ploy OL 


seeeeemonrd' A “CW WOSsITy ‘d “A AOS eg OTE: “qsanquipy Jo 
AGISIOATUL) 24 jo Yedjour Id “UswaaA “A'd ‘aT uyor *asy ATOA OUT 


Sepaeleaexinits ‘ ‘ "ocsT ‘12 Aine ‘HpunaNiag 
T'S" “bsg “po sows’ |... Kf Su Sold ‘Sowa oT O'G “gaeg ‘euvqsiig ‘JY suMoy.y Ig [Bleue 


ce eteeeeeeaeeeenetecersteets©ee SMAIDUW "49 ‘PrBd0aT 
‘43 DUB JOWwATES “9S JO o89]10) PeUN 209 JO jediouug 


oes ‘TSW ‘((etouey-ao19su tp p10'T) ardog plavg "uoH 44st au, 
“T RL 'Swd “ATI “HM ‘UALSMaUA CIAVC UIs 


UE Rohl chee HORCLANE “Tod * IL “Araqosoy JO [AVA ONL 
sreeeeesee sorcearl “EON “gtvongVD JO VA OULD 
Sgr ries) cee cpopeonwa.csy. paaiati JO q8OAOA PLOT OY} “UOH ISH OL 


"Wa OV W'SUIEM “JOU “AOU “SW “OTT HM “TOAsMorE PLAC TIS 
Pte cunr yes rereracear gp OTT Org AUpnaeyL TOSS2ORd 

ee ee es ay ‘ag “9 ad “VN “bsg * ULMIBC SeL.LeY 
BODES Gt iey rota Qaytat or W “jg ‘eog JAoqory Ig "WOH FUSNT PUL 
saressicis “sy wg ‘AoqsoqOLA\ PrO0'T oy, "kqmMomey jo [By OULL 


“bag ‘ aouny soulv sr 
‘Cw “Dei * TOYOTA TT 
“Deg “S{ILA\ ULBTLITAL 

"NCU ‘Tepugy, ureqydey, 


“GEST ‘ZT taqmaqdag ‘NVHONINUIG 
SVU “VIUNW “Gd ‘NOSNIGOU “UY WL ‘ATH PUL 


S,plarq 49 Jo doyste ploy OTT ‘SW “dW ebsg ‘UBIATA “H ‘£ 
st eescenreg “bso ‘OAOLY “YT AL ‘SW “bea “UAMTIC “AA SPT 
SODCRCODUGOOUOUCUGOGNOOOUCL <I. i | ‘qupuryyT jo uvacy ou “AOL A104 ONL 
eee eee ee ederereceeensssers seca) ‘sug “S"W'ad “oyood UL AC “L‘Hius 
pete ereeseeeeerconre rT ‘QaBp Vy JUNODSTA Lx ‘ong jo sinbavyy ay, 


“SES ‘G6 assy ‘VASNVAS 
TRERUMEREM ERE ee) ‘orp ‘Aqaro0g [ehory 


ayy JO Juepserg ‘NOLUNVHLUON JO SINOUVNN UL 


‘a 'W “bsg ‘OOIN “Cd 
“beg ‘adplissoyy Moyyz By 


1 Pea op ean ee aa ee as UE SGUIRE Tf ay soq1oiT ‘ac. zs. 


ad “V" W ‘Tle: NO JOT “AY OL "SU a a ‘Suaqued x0. | 

“SW “CL “ToqsurwagsaAy JO wea] ayy “Aor KIO A *p10jxQ) “J#81 ‘es oun ‘au0axO 
yo AqySIO AI a} 10F "TW TO’ “bse “qanooysa Teun + no. | se eeereeeeereeseee ss nioyxe Jo APISIAATUN OU 1OJ “dW 
feeeewerereseeeeetes KIsZOAlty OY} JO AOTPOURID-OOLA MLE | “Sud “TOC “Wd “SIIONI AWAVH LUAdOU us 


seeeee scoareT ‘p10jxO Jo doysig ploy ot, L “SW ‘assoy JO Uy OULL 


"Wa “bsg ‘ puvpoy 19 TOMA AA “EL 
‘SW OV “AONLEM Woqoy “Aor 


ak 
fe 
E 
(. 
“bsg ‘Apooyy “0 "HH 


"SU ‘TaMog Iossayorg ‘aay OL ‘Sau “CW ‘UIQ IOSSOJoIg 
ee ee mh I “P1040 Jo doystg p10, aL 
SW “TO SAW “Ug ‘woyuNES *L a5108) IIS *9FST ‘OL Rdua}dos ‘NOARVHLAOS 
SPs encase eetedseneeerore Vel ockeie, MBUE FOUND Or qysry ("sw “S'99'0'D ‘NOSIHOUNN AGMWI MOLUTAOW UIs 
theeeceeeeeees soon ‘mogsromyeg yUmoosIA = "TO" “UO}-AUQUSY pAo'T 
seers Ysno1OqIV_ JO [Ley IYL *JOqSOOUTA\ JO sInbiv]Y OU, - 


eee eee ey OW COV ‘YOIMSpag Iossojorg “AoY OWL 
tte eeeeereesecuarer oon “yy “bse ‘ary ‘a “CRS ‘GT ouNe ‘aDaIUaRV) 


"CW “Psy ‘yaeiD LruoH 


ms wa pave W ‘paqsuy 1ossojor;[ 
“WW “bsg ‘supdoy wens, seer esecg faSULY “4 “Ad ‘a'a ‘weyery “pc aoy (8 oR ST “qieq ‘“IQHOSUGH “A ‘Ad NHCL UIS 
teeeeeeereeeeess TOTMION Jo doysig om. ‘oNOIMpIVAL JO [ALA OL 
“bsg “ 4S0\\ UIPITITA TREPERTE ERR eee rr “su a ‘qmoorey ‘A “Mm *AOYT 
"SE “CTT ‘Aqsor00g *A\\ “Aayy ressacasartrarencseadisuseeteessgegrig STON DOR. AUpMIaL eeqOuhl “FRSL ‘9% taquieqdag ‘xu0z 
‘Sa “beg Toudoyy svmoyy, ) ‘SW CHM “ysmorg pravd Is “dW AETHOM WUNIS UNOL “MOH OL | °**** ‘S'u'a ‘(Ag Jo uve) ‘d'd “MOOOVHd “) “AW UL 
‘sO “Deg ‘preyeA men Let gp ‘qgedzoyy yunoost A "SUT SWRA zy BT 


“qsUy SOTUBTooyy [[NH ‘sorg “bsg ‘sqooer joyjog 
‘Wdd PVT IMA aA COW “bsg Stodoop A1uey 


eee ee) “SOU “WIT “Dsir ‘TTVqsreyy Wy1ey somes 
ee ee esplaqurep ‘asoT[og Aquat, JO Joqseyy 

“SV Wd “SD “VIWN “UR “S'u'd “C'd ‘TRACT “AN ‘AOU OU 
rs “SOU “oar “TH “qreg *m0z10S Kf ary sudeyy ap dumd ag 
od ae Sire CE CT lh Ly eas fo 94265] T ‘W “U0 YqSsry on 


"ggsT ‘Ze 1oquieqdog ‘saaaT 
Stes eeeeeeeesseeeeeeen” SUIMOBRTL USIMG 943 JO squeM 
-javdaq AL04SIT [RINyeNY 944 JO guepuojULIEdng “gH +\7 
“sta “sw'd'a “TO'a “aw “bea ‘NEMO CUVHOTY 


“V'W “bsg “wos|tM\ Semon, T, 
*"S'0'd “bsg ‘prey sexdg “AL 
‘V'd ‘SyouTH sumoyy *Aey 


Ue G09tns 0/esi8.s sale eee sae nT “dW “YoMapoy FUNODSTA PLOT OU 
ares ie: sins uipieieieisieieie)eje/esessinin Gop ©Pinie aiaeieie apie e's tay aie apsvoqyUOY ploy oy, 


eee ween "SD “SW WII “OyyT “Dsor Mecytiees) preyony 
si¢-sin Faigies yvieipoieleie vense eas etndarny, amet “OY *(1ooIe'T [euo[op="AnerT 
puvpary Jo [ekoy Tomouoysy “SV CC TT ‘UoqrUE Hy “YL WRITE, AIS 


"(TT “bsg ‘yooourry uospant *ay | PO 
"M'O'L' “990lleL Iossoyorg *Aoy 


*bsy ‘300g “gq ApunT 


fe Peter we eb eeeeeeee SOW “TW Smog “bso *SOUTUAL WOR OUOPL | 


“1G8T ‘9% ysuSuy ‘xITaaAq 
SD ag Ta eae eas ae ah te VIWMIA “TW ony 
‘Suwa “To'd “ad ‘G@XOTI AGUHAWOAH ’ATY PLL 


BOGS OG IUON GLE SOU safe pelG) ‘moreg JaIyO plory oyy, 


sreeeseseeeeeeeeess puurody JO LOT[IUBYO PLOT OUT, 
teeeeeeeeesssonmneeyy op qoqIey, PLOT ‘aleplty JO smbaeyy ot, 
Bisieipialele SR }eiule roles leet s ee OMmn ttl ‘aBaq[og Aqua y, JO JSOAOIG OUT, 
treseeeeeesereeseeeeeeeees cTGnC JO LOAVIT POT ay} ‘UOR IS oq, 


¢ “WT ‘osorp sloueary *Aaxy 2 “bsg ‘rayeg pLoyy Yormarvg svuro : F tees \ 
. ‘bsg ‘Tesng 480, wor { |, YIU 8010 Sk ayaa Tp cgay Donia T Ss ORaROr ae pans 9681 ‘9 JsNSNY ‘NVHNELIGHD 
SW “Deg “YSuvog PIVGOY +o... . cee eeeeseees “S++ Toqsug pu 1ayseonops) Jo doysig prot aus. PIOJXO JO APISTOATU, OC ur Auvqog Jo 1ossejorg 
“VA WORT 9GED [oss eeeeersaenreeeeeserereresenetee monn Meena gion fondue) Sid “CTT “CW “sy ‘ANTENVE “dD SHTUVHO 


sree ssqurpy Tekoy ang JO Jase “Ss u'd “VN “bsa ‘weyerp svmory, 


“bsg “oro WLI 
*a'W ‘Woslapuy semor,y, 108sejor¢y 
‘a'TT “bsg ‘suvy4g uyor 


*eCST ‘ZT raquieqydag ‘MonsvTy 
eee ee eee neens "SOW Cor ‘TTADUV HO awoAd UL 


ee ee eens 


SUT “bsq ‘wn1D 10jU MN “T'S “bsg “qyrag sour 


esr “OTT WW ‘eA sopreyy ag 
teeta eee eeeeeeeeeeeeesereeereeescrmmanrer “qauer ‘QUIpAUp URETEM, 1G 
Oe ee a ee eee eset! ‘queplvyoryy [edrourrg *Aoy A194 OUT, 


BOI WO OUEY ID SUCTION IEE 13 910 6 Swe “bsg *saqye xX syoorg ydesor 
POCO OURO OE DOIN GUI OMS UE K “WT 9 TS wa “bsg ‘Tasse'T THIEL 
ite aa ein aie s\efeiaiela’sielaie\blaininihis sia e eso ANTI MEGA Seal OCy aya EL Ts 


"cl io € op 
a'W “bsg ‘uemuy svmory, JO ISL “SOT SVT OR “SE “OC ‘Teo AM TOssajorg ‘Aoyy 


“PSST ‘0G roquiajdeg “TooauaAr'yT 
‘SW'a “ay “bse ‘uosuryorq ydosor ‘ 


“oS “XEMOULVH FO THVA OL 


eee eee ee ‘ ‘OW CTT SOT “qT “CW ‘U9IMO IOSsajoIg 
seeeeees some Soar “at “weg ‘uoz1osq Ao svdreyy op dytyd 1s 


’ 


[eee wt ‘uosuoT J, ee 


euseees oy rT Sop aah Ng ‘Kaqso7} 0.1, ploy oy, 
|: ee MURS ea ee 


se beeecnee SS" ail ‘SexAS “100-"snery “Sw “bsp ‘ooueds mvt, 
sees KJOIOOS "TY PUB “AIT [MH O49 Jo ‘sarg “Wgtd “bsg sor sopreyO 
“SW “WW YAspag ‘Jorg*aoy “Sw “TO ‘Aeperey rossejorg 
seeeeese sory ‘YSnoLoqseapuo'y ploy “SW ‘oisaep Jo preg ar 


seeeeseseertry ‘AT[VANIG IOSSOJOIg "SW ‘soyoqs “5 *b sa 


"eeRT ‘2 taquioqdeg ‘TInyy 
: / retesessees 91009 "TIT ‘QuUy ‘sald 
SOU “suda “WN “bsg ‘SNINdOH WYVITTIIA 


*£4a1009 


sajaFeTots Pam velasu(niaels]a aiahaIoicertene ante ty fer ay *‘soIg ame *WOsUIqOr “37 "ZL “AQ 
Siejeisisiaio/s/siaisieisisinisl ney Tar ‘a5eT100 3,uaent) *Solg "O'"d ‘Amey "Sq ‘AOI 
COSCO GE UA RIOOC GRRE CORD SOG Shy Ohare rsp “aq ‘SMOUL PABAPIT “AO 
sieseint Gasesbincelel\siub~ ister Mb ewnieim nessa reeat ye sialae uy erry ‘aoeg BI oq sin Aluey Ig 
sini ius} aieiejmiai@iaieysinieinlaie/9ie/afe, sia) =i9/0'<cersrsier array Sonar *“solg “OSSOIT jo [7eq OTL 
sin /Qieh i Siniojuiezeinisinjelsisioieimssininieisi9.®)*isia\iaCnyaty “TOG ‘ceTTRsraug Jo [ley OU, 


“SHIMVLAYOaS 1vO0O71 *“SLN3AGISSYd-FOIA “SLN3d0IS3ad 


“MOSTIM “A “A\ LOssazorg 
“CW “bsg ‘905,10 Wei 
“bsg “WeTLY “0 “fA 


*SS81 ‘T taquiaqdag ‘IsvaTag 
see ececccceecne * Ayatoog Teh0xy 049 0 “aA 
ay ‘svar, ‘Ara1y [esoy ‘ANIGVS CUVMCZ IHNOTOO 


eee e wena 


5 F . i tee eee ae ee ee sescsaeeasesececereseessosssesersssesees GIQOTISUG 
e Deg ‘menslO “Qe Surry Jo osu uroyAON oy Jo QopIserg “bse “POOA\ SvIOOTN “e9gT ‘9g qanSny ‘ANA-NO-WILSVOMAN 
mL “9 ae fa Ll WN See sete eeeeseeseees QrqsvOMON JO RON “bsop Tea ULITIAMO'T ovusy | SOD SOUUOROOOIY <tr aig Grematad rs te) “ONOULSNUV "M BIS 
Mf 9IGON *V treeereseeeees gnu, [eon ayy Jo UBUD “bsg “opAuT, WSN 
tree ceeeee eee scene Sor STO” “ATT TMA sapweyg 1s 
TTREPEREREREE ERE eee er VIL “arvg ‘avdpoaAory, *O 1092 M IS 


teteeeeeres secu rg ssarg Sgr” “TO “VIC ‘SuBpy "OD ‘f IossoJorg 
HnaG.a\s oee's\y » aisiviviele celal Sieleceny O08 rts OWT *sayo1g 3) *x) AOSSOJOIg 


0° 
sete eee nee yedsoy qJouIOU0IysSy “OWT . 


“Tod “WW “bsg ‘airy “a “D *ZOST ‘T 1090700 ‘HDaIUaNVD 


“WT Wh ‘streqoO “pAdY OULL QT RUS OLD a EIS ORCOOCLTOD GDL ospuquiep jo Aq1s 
there eee eee eer eee secre gy Grpora wy SOIMSpag Lossajorg “AoY OWL, [ -1eaTUy 04g ut Aqdosopy [equewpIedxg puw TernqeN Jo 
aSpraqureg ‘asayog Aqua, Jo 10s “SW “CC ‘TOMOT MA *M “AOU OUT | Tossajorg uvtuosyour “SW “VW ‘SITTIA "WARY OL 
ee eeee DOU IDOOHO CRON fap jo uvaq “aa ‘UIA pooy AVAIVAL saoy AIO OL 

seeeeees OBpriqmep jo APISIOATUL OY JO LO[[eE0UVYD-9OTA O49 *ABY IL 


"WIV ‘Sial10q ‘We 'N “AO OUT 
“WW ‘Suteary “( “D Aossajorg 


See eee meee ee ee eter theese eeee ‘OT “att “bsq ‘UALBqQITB.T THIEL 
— Jeeta cer bea Sunoae em 
‘STa “SU “Wh ‘uopsurIqua *) ") Lossayorg | 


(ee RCO UG ONG OCB LOOT ONO TOT “Saw “bsg ‘WITOMgIT AM Ydeso pr) 
| Ce ‘TON “wT A Sony ‘qosuLyspoyy acl LOSSOJOIg 
ee PR rly ts ory CRP Cir ren gett ni 
“ULL “00S “WU FIT “Sl “SUA “AT “sw ‘mor yyooserg sous 
Peete ee eee ee eee ee © Dsn . md: soulB 5 
SR CCR Ole DOr ioe ‘DW Pe Sopa a eucy SeMHOUEL "TOST ‘F Aoquuaqdag “UTSTHONVIL 


teseeeeeeeneseeeeeeeeeeeereeees scuarer Ggibe poomsoy upuetuog ug] ** "SW “ao “CTT “bsd ‘NUTVaUIVa WVITIIM 
seeeeees soar Soar Cae oqarg ‘uoysq Aor) sede op dimMd Its 

| ee er “SOW So it “rd ‘lajsoyouLyy jo doysig. pilot o1.L 
‘ ed sow “TO a “a ‘Aopaeyg prz0'y OL 

WGC SECA O OOS SITTIN IOS IOAN I STACY Sit ‘Q1OUSOT[AL jo preg on) 


"Vig ‘o00soyy “Wf “AH ossoyorg 
“WW “bsg ‘owosuny anyyty 


“Dsl “PION POGTV 
"SD “Va “bsg ‘orysiqaed "qd “a 


CSW Wa SSW SVN UEyUOG Jossojorg “S"' “C'W ‘puvpoy Tossojord 
eee eee tt ee eee "SOW Sorry “ONT iy “aT “CW ‘uaqneq IOSsojOIg 
*t 8" pxogxXO ‘YoINYO ysMyO Jo ura “C'C ‘TEPPFT “H “A “Ao ATOA ONL 
"SO aia an 6 ee 9 Igy 93.1005) Ce ‘SUT “aq *plojzxO yo doystq. plo’, ou “09ST OG aune ‘quoaxO 
tara fey “bs q1uIg "a tp: eee te ee ee ee ee ee ee tt ee eceerenre Ty Secure feyre be ze RG ae ee pk NP Se Peas ‘ ce 
TO et a Bia eteRod Ge Breit cyasaaine omarcnecuansns eee ee Ree ee eS syd “swada “VN AWISMLLOWAM CHOT UL 
=plofxO Jo queuamory pIOT “SH “T'O'd “Usnosoqirew Jo oynd enh 
p10JxQ JO AZISIOATUL), OYA JO AOTToOURGD-dIA “TO'C ‘ounoe “Wf “AY SOUL 
PIOJXO JO “AIUD oly JoAOTPOURYD “TOC ")'d “N'M “Aare Jo Weg oud 


uaaproqy Jo Aqunog oy} Jo TaMAAUOD “Sy “CTT “bsy ‘uosmoyL “Vv 
eee eee eee eee ‘Sad “Oa ‘uosuIqoy oy, RIF “ANT au 
Se ae cag taint a ete me es ea 
sarars CFOTILLA: AOBSOTOLA A oe ce ee ee odeesesesereevieslley eciers at Crratcn pen Tana dret DEAR i. “6S8T “FI Toquiaydag ‘NamauaTy f 

seesyics Vineet tiara naoamemrba (asian noes ose oe ae Ociegeat or oe pe ita Poros "Mog uyopag, “LHOSNOO HONIUd AHL SSaNHDIH ‘IVAOU SIH 
eee ewe tee eeee uoeprioqy fo Ay0 ouy jo qsOAOIg p10'T ou 
Sawant “Sud “LM “DM “aT ‘weapreqy Jo [tem oCL 
serene eens side <nid'eie Fie vie eieeius 2 Saat “oy ‘puouiqony jo ang euL 


a) 


eee ee MRE IS CL ESO a ogy sag svuloy,y 
-WBOQ JO APISIOATILQ 2119 UT AyamI0ayH pus AuIoU0IASY JO TOSseyorg 
‘TAO Spuly WoURD ‘say | UwapaMoT “Syd “SH “TO'd “WW “bsq ‘stuuspy younop uyor "S9ST ‘6L ysuany ‘HOIMYO 
"VN ‘uoqdwe.ip ydasor Pets ee ‘SOT “ol “ony ‘q1eg ‘yooqqn'yT uyor qs eee ee eee eee eee eee ee es “orp 
‘atduidaeg preuog ‘iq | **"* osplaquiey Jo Aqs19Atuy of} UI ABOTOI}) JO TOSsajorq UBIPIvAL ‘swa1To'd “aw “bsa “UTHOOH NOLIVG Hdasor 


[re “om “Sod “SU “AIT “VW SSIMspes Wepy “sey eT, 
ee es eeee “SU “qaeg ‘nuaTlog 1040q uyor IIS 
**** MIOLION JO JUBUAINELT-p10'T ‘10}sad1e'T JO [LB 949 “UOF FV Syy oT 
pereeeees smorpuy 4g Jo AJISIOAIU ‘prvmod'yT 4g pu 1OZVATeg “4g JO 
ASTON popu oyg Jo yedwoung “sya “aA'TT “bsq ‘saqiog *q soup 
chelate tazetote Eat Sietajavatee eke! al = nteral siatse\eseia/aseiaeyayain seis ?=ie)e)aceles a Mle iptaraine'sb<ieigy TC 
‘bsg ‘mosropuy youre | -urpy Jo Apiswqatug ayy Jo tedwaug “sw “T'O'd “eIsMoIE, Pravq Ig *19ORT “p taquiaydag ‘AaaNacT 
“Dag ‘Buopy) YT uNSMy UYOLS sets ss reteset eet eee e ete tee eee eee esos eeqine SoIxE IAB IIS Pee Ree CB eA “mod 
“bsg “aul ‘uosiapuary “pf | oR “SDM “SS wd CATT “a0 “9teg “uostyoanqy *T joapoy Us|; “NM “HONATIOONG dO ANAd AHL BOVUD SIH 
a ‘a “qieg ‘AATISQ UYOL IIS 
“LM ‘palvaury pio'T ayg “uoH ays OU 
“LM ‘Oustry Jo eg ayy ‘UOH FSI OL 


; r, ‘sd “Sra “Cy “bs “ze{00H Udasor 
‘Wh UUIIMOIN WTP ANT OND, [tert gui ang jo wayseR “Sia “bsg ‘weyety seuroy.y, ‘i ‘oz qsuSny SNVHD NLLON 
"ST “SW Wa “bsg ‘amory +f pavapor oe ee ATLYSMVYSUIVION JO YMoyS-ysty “Ds ‘AMA “OL TH... e se ee ‘sua Veo “Ds “TAOWD Xr WVITIIM 
*U0S}.LOqOYy “ACL a "d'W ‘uostua “gf *UOF, FUstyy OUT, 4 
** QITYSWUIVYSUION JO JUBUAQNELT-p1o07T ‘1adjag ploy “MOF IGS 9 
** OLIYSIoJSad1eT JO JUBUOINAI'T-pLOT ‘pUBYNY JO aU oY} dVrp STH 
sees origskqiog JO JUBUAMELT-psO0'T ‘aaTYSUOAI JO OYNCT 99 BUY SIT 
“WIV ‘Suvag sajIvyp *Aoy eu, “bsg ‘souvyp “Le 
Wal “bse “1180 “VL ‘dW “bsg ‘prepetoyos weryiTA, 


Ww ‘orfog ‘gy *aeyogg | tss* aaqsao10 4, Jo doysig ploy ayy *Aoy FSI OUT *eggT ‘9 taqmiejdag “SWVHDNINUIG 
“bsg ‘urepraqmeyy) Arua uyors “88° S*y ad Sour “TOM “WW ‘Aatsoqg00M\ PLOT “MOH QUSY oO 7°" ** PAOJXO JO AFISLeatUy oy UT ASOTOO)H JO AOssozorT 

‘SOW VW “bsg “unl ‘saoyyeyy werrAy | ** erTysteqsao10Ay Jo quBueqnory-pxOT ‘U0I]043A°7T PLOT “MOH AUS OUL | “Sa “SUA “AIT “VW “Psa “SdITTIHd NHCL 
seer ees QTTUSMOIMIBAL JO JULUOINAT-palo'y ‘Soy pLO'T ‘WOFT, QYSTY ONT, 

sete s*AOTpuT JO [LUG oyg "WOH FS Oq,L, 

AITYSPLOYVIG JO WUVUMoV]-pxo'T “plOylpovy JO prey oy ‘UoH AYSNy ey, 

ee eo) "SD ana: i f “Dsor ‘stepueg “AL ) 

‘*“Dsq ‘WosuryoIq "AY stlouray 

“aw “bsg ‘Ae “OV 


ne eeee VS SO “Sw “a W “bs ‘ean “A 
"VIN ‘poomutAy “H “A AO’ OWT | °*** YW JO UOovapyory oy} o[qvtousA OULL 


"POSL ‘FI taquioqdog ‘HIVE 
“bsg ‘stat “04 *"* ‘**** pLoyoloH JO WeaCT YZ *ADY ATOA OWL Pee eeccegrey Grpeged Myepy or 
“gu “Deg ‘omooyy <Q | eters testes eeeeeeee ee eees UEUIQLOg PLOT "UO, USI OULL SW “TOO “WN “Med TIPAT SHTUVHO UIS 


‘**** yqeg Jo smbIBy_ Ot} OGON ISOM OUT 


bene ee ee ener eeee teat sees eeeeeeeeteresaeeeeternenaeen ns QTTTISIOS 
IMO JO JUBUOIOLT-pAoT ‘AAOIO PUL YIOD JO [rey oy} *uoy 4YySny oT 
"SaIYVLAYOaRS 1V901 “SLNAGISSYd-J0IA ‘SLN3AGISSad 


eee ee cary ‘SD’ “S"u'd “bsg ‘stapuvg “A, 
ay eae: ase C2 SPARS See iy ‘a'TT ‘raquod.1ep "g "M “AC 
syuUad “ord “a1 “d'O'M “OSUTTM EY ‘9 AlneR ag [e1eusy-10lepy 

ee eeee eee er ry SIsiereeere esis ee TOURT TET, Jo 10AUNy OUL, 
“ord “Ce “ao “qe 00110 “H pIOYRIG ug ‘WOR ISNT oy, 
ee oe ‘SOU “SW ‘orondg JO [ART 944 "UOH, IQSIY ONL, 


"UST STO" ‘S0HOIS TOssojOIT “SU “WOSMIGOY “AC *Aeu ONL, 
‘Suu ‘SMOIPUY “A(T “Ata HL “Id *AOY ILI, 

pePh a2" tereees es sayy Sq.aeg, OORT [BAL PAVYONT 1g 
nedddtieentoces tnibsduas ee a0'seiema-fgeegar $0 Tamgn Suns HORE GUENEL BT 
pereseeeeeseee scary CTO UOTPISMUG, JO LET om} MOH ISNT ONL 


‘sos’ WU ‘Muysyavyupor ag "syd “Tod “bsg “Qorssey a "rc 
“owmd “To'd ‘sduwud mosey Ocl *plojperq Jo 1oABy_ oy, 
eee eee ee eeeene "T'W ‘194S10T “TAX “UOR YSN oy, 
een nee “Ow “T'o'E ‘uozysn0y ploy 
ee SV WL B= h i: & ‘assOyy jo eG | aug “uo qySNYy ouL 


es *‘solg Soar y “Dsq ‘Yornqsorg ydasor 


“bag ‘eyre[p *H uyor 


"eae Sagar Sor & € . S281 ‘8% Lobel sesehiel 
SO “os'a “y'd “bsg ‘royuedaep quey “Ay 


sreeeeerresuy dt “Std “F'0 ‘MVHSYMVH NHOL UIs 


“bsg “IYBIOUIS “L, 
"MO “OTN “4H LOsseyorg 
bsg “Qavarg snqawne) “A, 


"PIT “BT ysnsny ‘IsvaTag 
reese cour “GIT “10d “IIVGNAL ‘£ WOssadoud 


*bsq ‘uosdmoy yz, efted 
‘bsq ‘pasppoy paeyony 
‘a’ ‘Teqduep -y “pf “Ao on, 


"CISL ‘LI taquieydeg ‘auodavug 
a eae ee ‘SOU B<thS Of 
‘dud ‘NOSWVITTIAM ‘A UTANVXUTV WOSsasoud 


eee rr ir) 


ey ‘STW Soar "0989 “CTT ‘fodaeyg Id 

*bsq “Q99TITAA. Aruay{ eee "SOW ee ef inthe Ot § “TW “qreg ‘yooqqn’y uror mg 
“TIWD “Ad "Ae PULL 
“bsg ‘toyuedaep sapreyD 


. ‘ 2 ‘ 
seeeeeee sgepnT OP Od “Ow ‘ANSMOAS JO CHC ON} “WOH ABTA OUD Pee cwrpe ae Cocgegzegy Ooo a Ceci ee sae 
terre ororg “Org “OI puommTONy Joaxnq eyq ‘aor qysny opt | STL “SW “CITC “bse “UMINAdUVO “A “MV 
peecraid¥-oay iis oo smodh Sts Eettel Hea nUAIERIBD se Seat Gate ead Gat ReEEE 


se eesexogsng Jo Aqunog a9 Jo JUBUOQNOLT-pLOT “AoYsayoIyD Jo [1eq oy, 
TU UaRRT Gag ageRe aN Soe ada Sop “moyreg tossejorgq: 


Ce aS UY ‘sag “TO'a “a' ‘ UOSTISIIGD IOssoyorg 
eee eee . ‘Sw “AW “a0 ‘aeykupg WoT “Aq 
ee ec ccerreevereses pera ‘Sua “TOC: ‘qaeg ‘TAT septey aS 
wee Ste col ‘T'0'a * S91 


"ILST ‘g gsn3ny ‘HpunaNtag 
‘C11 “VW ‘NOSWOHL WVITTIAM UIS YOSSHAOUd 


‘A'S'Wal “bsg “yore ‘a “¢ 


: ~» “Er ‘OX “qaeg ‘UOSTqoIR]T *"T YOMopoy arg 
WSU “AW ‘umMoig wnip “Vy 10ssejorg 


settee ee Oe Ak UL 

-Ulpy Jo ApIst9Atuy ayy jo [edioumg “yyy “qavg “query rapuexely «Ug 
**puplioog Jo [vlouay-o0KNsur Ploy “CTT ‘st[suy uyor *uoy YSN ONL, 
Ce ee qsanquipg JO JSOAOIg paAO'T 94} “UO Us ouL 
ee ed “SW bia fa ka “OT ‘qonepong jo ayn oy a0Bry) STH 


s}ais\s sisin\ninisinipis\sis\pip ¢ aio pia sie (nis nis sis Beane yyy “WS “Ds ‘Toke ydesor 
Binh ipipinipipip miei isiPielnio\sib (6181 8/8 88 vena TMT yer “Ott “Dsq ‘oor "q soup 
SIsidis PB nis)pinisin visisis Bip els yen sc Sprord “OTT “qreq “W9IOM9TT MA ydesor Ig 
nie an TI SCP IO OI CORPO OE ID UL Ob “Dsor *‘SOABIN) “9 
ajo'nia is mipie ais\s\p\e\m\pisipia\sis abe rete “Tord ‘Qu0qSpBLD “1 NN U0, quant ou 
Sisisip\n\s 4 sipia\p\o's\a\s\b/p ie 0/n)\sleialel=p er “qreg ‘u0jeS IT Kary seqyeyy ap diy ag 
CORE OORONQOAGOCROO OMS hy “Ty ‘Kqaacy jo [Ivq ong ‘uoH qs EL an 


(ise ares “sur “aad “vw “bsq soqreg xon “HAN 


‘V's ‘oun, “Vv "aq "AOW 
"VW ‘surssryq ‘yy Arup *A0yy 
*bsq ‘Wostizeyy preurseyy 

“1a |SIUBET “A ‘ADT 


‘OLST ‘BI roqmieqdeg ‘1ooaumArT 
“SOT SUA “ATT ‘AMTIXOH ‘H ‘L wossH#AOUud 


“ueMT ee TSEtprenen one" $a" Sc bss tay ee aia “bso ‘xo 010M. 410q 0% 
Sp ghDAIAE WAHL OUT, ) oes eseeeeeeee ee egerrg Ssrera MCW “SM SaoqUAMIND “ee CTUTTEAL 


: \ {6981 ‘ST yanduy “ung w 
SV" “Dsor STU “g £1U0]T lee Rs eee ee ee fe ee ‘a'T1 SULIMOG uyor ag 


esa “TO ‘SUMOLS “ MNwOM) WOSSHIOU oO 


shee ssom Gon Gey “qang ‘9}004}ION "H plOYRIY Ig UOH JUS oT, 
eee ee uoAay Jo [Avy oy "Uo WS aq, 


ee See ee 


Se SRT eee ‘Sw aud © is “ - — 

"SOU “SD “SW oy W syoragsord TOSS JOLT 

A teteres eee boo Teqog ‘g uEqpUcAy 
ees eee or no 7. ae ea eas Be A COUR DASHA, 

“Dey ‘SaTU SIIIOTL | JO TerouayH-1opOaNIG “SH Wa "MO “AU ‘ox009 ‘9 “VW [e1en0y-10leyy 

“bs aana,T OJ “Or UYOL ve eeseeeeeeessteceaeererererecrcorre rT HTT GUOUUNBYD OC LOSSO}Od, im 


“2881 ‘ea gsnany ‘ NOLARVHIAOS 


“bsg ‘20olee “VAD | 1 8t teetesssquoumaudad 1A O19 Jo JWOUAYSTAeI SEL “Sod “SU “CIT “Toa “bsq “GNONIS a 0 
[worm ayy Jo soja “SOA “SUA “aN “bsa av ‘Vv 
Coat ier AYES nc tio or mir rin “AyEaUpY any 0} zayduas 


Owl “SVUWA Sw “TOW suvag ¢ ‘Zag uiejzduy 
pi ee Be aga idee! piory on3 ‘uoE FSET on) 
Saray a es Ae w I “O11 “Cw “weUlITy TOSSOJO.LT 
oan Tens ‘OTT “(iy “bsg ‘wosuoy,y, uelly 
See Brow) 8) wal “UO ‘MBYSYAVTT WYO US 
BET al ‘ala “Toa ae *Sa0FS “H “4 TOssojo.r | ‘18 SI * Tg ysusny “MUO 
SW “TOE “VW A0rD "YA Mg UOH OUT -***"*** AS SSE eee nasal 
bx eek cei Sage aval: ‘ayhorN Woovaprory oquiouaA OTL | “SW art ‘TOC “AW “We_ “MOOGINT NHOL UIS 
SO ast Wal “TOE Woyysnoy pxlO'T “VOW FUSE OL, 
Ce ALOR jo IOAVI PLOT ayy ‘UO, YUAN OWL 
“rf ‘« Cl ‘YAOX JO CORIO OLY, oly eovty STL 
S14) “sverL “ST sik: A a TT “bsg ‘sXerygor UAMD *£ 
SO 'a apa Ld ‘ “bs * GATING “VL I 
PICT AOL Oi as rhs be ‘W “Dsap ‘ueratA Aessnyy *H 
se" aS tay ord “WIT ‘OAOLD “WM HS “WOH OL 
veecerers  SOSUBMS IO LOLLY aL 
teseeersess fostot JO [AUG] Ol} “UOT WSAT OLL 


So SSO “Sv CM SSUlPO “AA aa: 


Su 


cosa “Ch “Dsq “uosiapuy qsodura J, 
“VV ‘Sulepy sBimoyL “AIL 


“0881 ‘eg qsnsny ‘VoSNV AAS 

ee eee eee ee ++ £Sop0a 
[wood JO UMasNY O49 Jo puv ‘Mopsury poyuA oy 
Jo ADAINY [BOTSO[OaH oY} JO [etoUa})-LopoaLT, oor A 


Sw “ay1T “bs “AVSWVU GIANOUO MAUACNV 


tenes 


“bsq SPoLyg somur 
SOU “Ud “bse Wes10]N “AA 


STi SU ‘0g! ATT “ad “AOU “HL lOssojor 


| 
i 
| 


(ent esoyanan Beeps it Tee (aaqqng Jeqseyy) “bsg UWE. ETRB ANE N craferapatararelare «5287 ‘06 ETA grams yr TALC 
SOM “Sw CO'TT “bsg ‘Aqt0g UoWtO “H SO Wel OMMOMLVY.AL JO LT UF “WOH IMSL MLL | oop op eres “OTT “CW ‘NVNTIV ‘¢°) YOSSHLOU 


BARE COP GY OF a SOW He MBIA Pre et UO AUS OL 
‘s a 1 Ce x ‘su Toard “vp x PAGAL jo ayn of} eOBLD STH 
Sa “98g “CTT “10'S WWW ‘80045 “1D “O TOSssajord) 


. See c eter vee neceeneees Soar 2 W “UvsvH, o) parol “MOP FUSY OULL 
‘VIN *QIST vA qsnsony ‘NXiTanqd 


"(UW ‘WOsTasIg 4) 1OSseJOrd 


‘Cr “bea ‘ POOMION uyor 
“bsor ‘Woy somes 


STW OV ‘Med “S “UH Lossejord 


be € . 
19 Kem "Vid ‘ossoy JO [eM oy “WOH qUSRL OUD evee este eeee treet eee er es cougarur Sew ty Sul 


“TOE “VOTEISIUUT JO [VOL OU “LOH Aas T RON be rrkere Ferrers ete OER 
Cee naeoasqy Joona omg coup sq | CTT TO'd “VW “Ded “ACOOMSILLOdS VITIEN 


‘** ulqnua ‘azeT]oD AquIay, JO ysOAord OL 
sigs Saree TRONGE 40 IoOAVTY PAO'TT ay} ‘WOH, JUST OWL 

seers. seal OS un “ba ‘eae, aouadg sepreqp 

Loa ee meme ie “ro “WW “bs ‘opnory Cer 
Ta SCT § "yoIN “bag ‘epoo M81990dg WRITE 
OI OM ‘Ploppovrg PLOT “wo USN ou. 
+ oqtUMospy-JUNOT, JO LlvgL oY} “WOH JUSIY OUT, 


! ae eg ae eerhamny OY same 


*beq “prxojop A WOgTUe 
*bsq ‘orunbg WITT 
“Dsq ‘step y UWwerTL A 


CLIBT. ‘eT gsnany “HILAOWATIL 
Coogan Tae sanier re aay eeh 
‘a1T “GW ‘NOSKOHL NUTIV HOSsHLOwa 


see eee e eee 


tree ederecune T Soa “CIT ‘Avsmey “OD “Vy TOssajo.ty 
sooo PT SW “OTT “CW “Wosmog yy Welly tossejord 
RT Sw + ‘TOO ‘aT “Wil “WOSOLOUT UWPHILA AIS 
soteeeeees sora & iy W “leg ‘TTOMXBIY SUIPAGS WeITTLA\ US 
Sahin einsaGinbte a warw en a6 * MOSsepy JO JSOAOLT PLO'T oq} “UO OL 
heer scepr oR TS COATT “LM ‘TWASry Jo oy oY} 90.1) STIL 


.saluvla 03S 4y004 “SLNAG!SSYd~3CIA ‘SLN30IS3Yd 


*OI8L ‘9 taqtmoqdag ‘MONSYTD 
seen SCO Aas Cae aa Serr MOTT 
“our “C1T “AW ‘SMAUAGNV SVNOHL WOSsH4oud 


“Dsa “yormrvyy “de 
“bsg ‘amieyRty) souu 
‘sow opprtd 1) “MA IC 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


XXXV 


Presidents and Secretaries of the Sections of the Association. 


Date and Place | 


1832. 
1833. 
1834. 


1855. 
1836. 
1837. 
1838. 


1839 


1840. 


1841. 
1842. 


1846. 


Presidents 


Secretaries 


MATHEMATICAL AND PHYSICAL SCIENCES. 


COMMITTEE OF SCIENCES, I—MATHEMATICS AND GENERAL PHYSICS. 


Oxford 
Cambridge 
Edinburgh 


Dublin 


seeeee 


Bristol...... 
Liverpool... 
Newcastle 

. Birmingham 


Glasgow ... 


Plymouth 
Manchester 


. Cambridge 


Southamp- 


ton. 


1847 


1848 
1849 


. Oxford 


. Swansea ... 
. Birmingham 


. Edinburgh 
. Ipswich 
. Belfast 


. Liverpool... 


. Glasgow ... 


. Cheltenham 


. Dublin 


se eeee 


...| Rev. 


| Davies Gilbert, D.C.L., F.R.S. | 
Sir D. Brewster, F.R.S. ......| 
Rev. W. Whewell, F'.R.S. 


SECTION A.—MATHEMATICS 


Rey. Dr. Robinson 


a eeeeenee tee 


Rev. William Whewell, F.R.S. 
Sir D. Brewster, F.R.S. ...... 


Sir J. F. W. Herschel, Bart., 
F.R.S. 
Rey. Prof. Whewell, F.R.S.... 


IPROLA HP ODDES: HAS: zee csceeene 


Rev. Prof. Lioyd, F.R.S. ...... 

Very Rev. G. Peacock, D.D., 
F.R.S. 

Prof. M‘Culloch, M.R.LA. ... 

The Earl of Rosse, F.R.S. ... 

The Very Rev. the Dean of 
Ely. 

Sir John F. W. Herschel, 
Bart., F.R.S. 

Rev. Prof. Powell, 
F.R.S. 

Lord Wrottesley, F.R.S. ...... 

William Hopkins, F.R.S....... 


M.A., 


Prof. J. D. Forbes, F.R.S., 
Sec. R.S.E. 

W. Whevwell, 
F.R.S., &e. 

Prof. W. Thomson, 
F.R.S. L. & E. 

The Very Rev. the Dean of 
Ely, F.R.S. 

Prof. G. G. Stokes, M.A., Sec. 
B.S. 

Rev. Prof. Kelland, M.A., 
F.R.S. L. & E. 

Rev. R. Walker, M.A., F.R.S. 


D.D., 
M.A., 


Rev. T. R. Robinson, D.D., 
F.R.S., M.R.LA. 


Rev. W. 
V.P.R.S. 


Whewell, D.D., 


b2 


Rev. H. Coddington. 
Prof. Forbes. 
Prof. Forbes, Prof. Lloyd. 


AND PHYSICS. 


Prof. Sir W. R. Hamilton, Prof. 
Wheatstone. 

Prof. Forbes, W. S. Harris, F. W. 
Jerrard. 

W. S. Harris, Rev. Prof. Powell, 
Prof. Stevelly. 

Rev. Prof. Chevallier, Major Sabine, 
Prof. Stevelly. 

J. D. Chance, W. Snow Harris, Prof. 
Stevelly. 

Rey. Dr. Forbes, Prof. Stevelly, 
Arch. Smith. 

Prof. Stevelly. 

Prof. M‘Culloch, Prof. Stevelly, Rev. 
W. Scoresby. 

J. Nott, Prof. Stevelly. 

Rev. Wm. Hey, Prof. Stevelly. 

Rev. H. Goodwin, Prof. Stevelly, G. 
G. Stokes. 

John Drew, Dr. 
Stokes. 

Rev. H. Price, Prof. Stevelly, G. G. 
Stokes. 

Dr. Stevelly, G. G. Stokes. 

Prof. Stevelly, G. G. Stokes, W. 
Ridout Wills. 

W.J.Macquorn Rankine;Prof.Smyth, 
Prof. Stevelly, Prot. G. G. Stokes. 
8. Jackson, W. J. Macquorn Rankine, 

Prof. Stevelly, Prof. G. G. Stokes. 
Prof. Dixon, W. J. Macquorn Ran- 
kine, Prof. Stevelly, J. Tyndall. 
B. Blaydes Haworth, J. D. Sollitt, 

Prof. Stevelly, J. Welsh. 
J. Hartnup, H. G. Puckle, Prof. 
Stevelly, J. Tyndall, J. Welsh. 
Rev. Dr. Forbes, Prof. D. Gray, Prof. 
Tyndall. 

C. Brooke, Rev. T. A. Southwood, 
Prof. Stevelly, Rev. J. C. Turnbull. 

Prof. Curtis, Prof. Hennessy, P. A. 
Ninnis, W. J. Macquorn Rankine, 
Prof. Stevelly. 

Rev. 8. Earnshaw, J. P. Hennessy, 
Prof. Stevelly, H.J.S.Smith, Prof 
Tyndall. 


Stevelly, G. G. 


XXXVi 


REPORT—1 882. 


Date and Place Presidents 

1859. Aberdeen...) The Earl of Rosse, M.A., K.P., 
F.R.S. 

1860. Oxford...... Rey. B. Price, M.A., F.R.S.... 

1861. Manchester/G. B. Airy, M.A., D.C.L., 

1862. Cambridge | Prof. G. G. Stokes, M.A., 
F.R.S. 

1863. Newcastle | Prof.W.J.Macquorn Rankine, 
C.H., F.R.S. 

UGH. UDAth Sesccess |Prof. Cayley, M.A., F.R.S., 
F.R.A.S. 

1865. Birmingham| W. Spottiswoode,M.A.,F.R.S., 


F.R.A.S. 


. Nottingham] Prof. Wheatstone, D.C.L., 


. Dundee ...| Prof. Sir W. Thomson, D.C.L., 
F.R.S. 

. Norwich ...|Prof. J. Tyndall, LL.D., 
F.R.S. 

; MEPRETEL cance Prof. J. J. Sylvester, LL.D., 
F.R.S. 


. Liverpool...|J. Clerk Maxwell, M.A., 


LL.D., F.R.S. 


. Edinburgh | Prof. P. G. Tait, F.R.S.E. ... 


. Brighton...) W. De La Rue, D.C.L., F.R.S. 


1872 

1873. Bradford ...| Prof. H. J. S. Smith, F.R.S. 

1874. Belfast...... Rey. Prof. J. H. Jellett, M.A.. 
M.R.LA. é 

1875. (Bristol ....c. Prof. Balfour Stewart, M.A., 
LL.D., F.R.S. 

1876. Glasgow ...|Prof. Sir W. Thomson, M.A., 
D.C.L., F.R.S. 

1877. Pl;mouth...| Prof. G. C. Foster, B.A., F.R.S., 

; Pres. Physical Soe. 

1878. Dublin...... Rev. Prof. Salmon, D.D., 
D.C.L., F.R.S. 

1879. Sheffield ...;George Johnstone Stoney, 
M.A., F.R.S. 

1880. Swansea ...| Prof. W. Grylls Adams, M.A., 
F.R.S. 

SSS: MOrk J, ves Prof. Sir W. Thomson, M.A., 
LL.D., D.C.L., F.R.S. 

1882. Southamp- | Rt. Hon. Prof. Lord Rayleigh, 


ton. M.A., F.R.S. 


' Secretaries 


J. P. Hennessy, Prof. Maxwell, H. 
J. 8. Smith, Prof. Stevelly. 

Rev. G C. Bell, Rev. T. Rennison, 
Prof. Stevelly, 

Prof. R. B. Clifton, Prof. H. J. 8. 
Smith, Prof. Stevelly. 

Prof. R. B. Clifton, Prof. H. J. 8. 
Smith, Prof. Stevelly. 

Rey.N. Ferrers, Prof. Fuller, I. Jenkin, 
Prof. Stevelly, Rev. C. T. Whitley. 

Prof. Fuller, F. Jenkin, Rev. G. 
Buckle, Prof. Stevelly. 

Rev. T. N. Hutchinson, F. Jenkin, G. 
S. Mathews, Prof. H. J. 8. Smith, 
d. M. Wilson. 

Fleeming Jenkin, Prof. H.J.S8.Smith, 
Rey. 8. N. Swann. 

Rev. G. Buckle, Prof. G. C. Foster, 
Prof. Fuller, Prof. Swan. 

Prof. G. C. Foster, Rey. It. Harley, 
R. B. Hayward. 

Prof. G. C. Foster, R. B. Hayward, 
W. K. Clifford. 

Prof. W. G. Adams, W. K. Clifford, 


Prof. G. C. Foster, Rev. W. Allen 
Whitworth. 

Prof. W. G. Adams, J. T. Bottomley, 
Prof. W. K. Clifford, Prof. J. D. 
Everett, Rev. R. Harley. 

Prof. W. K. Clifford, J. W. L.Glaisher, 
Prof, A. S. Herschel, G. F. Rodwell. 

Prof. W. K. Clifford, Prof. Forbes, J. 
W.L. Glaisher, Prof. A. 8. Herschel. 

J. W. L. Glaisher, Prof. Herschel, 
Randal Nixon, J. Perry, G. F. 
Rodwell. 

Prof. W. F. Barrett, J.W.L. Glaisher, 
C. T. Hudson, G. F. Rodwell. 

Prof. W. F. Barrett, J. T. Bottomley, 
Prof. G. Forbes, J. W. L, Glaishey, 
T. Muir. 

Prof. W. F. Barrett, J. T. Bottomley, 
J. W. L. Glaisher, F. G. Landon. 
Prof. J. Casey, G. F. Fitzgerald, J. 
W. L. Glaisher, Dr. O. J. Lodge. 
A. H. Allen, J..W. L. Glaisher, Dr. 

O. J. Lodge, D. McAlister. 

W. E. Ayrton, J. W. L. Glaisher, 
Dr. O. J. Lodge, D. McAlister. 
Prof. W. E. Ayrton, Prof. O. J. Lodge, 

D. McAlister, Rev. W. Routh. 
W. M. Hicks, Prof. O. J. Lodge, 


D. McAlister, Rev. G. Richardson. 


CHEMICAL SCIENCE. 
COMMITTEE OF SCIENCES, I1I.—CHEMISTRY, MINERALOGY. 


POxfOrd. .cecse John Dalton, D.C.L., F.R.S. 
3. Cambridge |John Dalton, D.C.L., F.R.S. 
. Edinburgh | Dr. Hope...............4 seeeeeeetee| Mr, Johnston, Dr. Christison. 


James F. W. Johnston. 
Prof. Miller. 


Date and Place 


1835. 
1836. 


1837. 
1838. 


1839. 
1840. 


1841. 
1842. 
1843. 
1844. 
1845. 
1846. 
1847. 
1848. 
1849. 
1850. 
1851. 
1852. 
1853. 
1854. 
1855. 
1856. 
1857. 
1858. 
1859. 
1860. 


1861. 
1862. 


1863. 


1864. 
1865. 


1866. 
1867. 
1868. 
1869. 
1870. 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. 
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SECTION B.—CHEMISTRY AND MINERALOGY: 


Presidents 


Secretaries 


Dublin...... 
Bristol ...... 


Liverpool... 
Newcastle 


Birmingham 
Glasgow 


Plymouth... 


Manchester 


Cambridge 
Southamp- 
ton 
Oxford...... 
Swansea ... 
Birmingham 
Edinburgh 
Ipswich ... 
Belfast...... 


Liverpool 

Glasgow ... 
Cheltenham 
Dublin...... 
Aberdeen... 
Oxford...... 


Manchester 
Cambridge 


Newcastle 


Birmingham 
Nottingham 
Dundee 
Norwich ... 


Exeter ...... 


...| Dr. Thomas Thomson, F.R.S.| 


. | Prof. 


Dr. T. Thomson, F.R.S. ...... 
Rev. Prof. Cumming ......... 
Michael Faraday, F’.R.5....... 
Rey. William Whewell,F.R.5.) 


Prof. T. Graham, F.R.S. ...... 


Dr. Daubeny, F.R.8. ......... 
John Dalton, D.C.L., F.R.S. 
Prof. Apjobn, M.R.LA......... 
Prot. Ce Graham, ERIS: s.acce 
Rev. Prof. Cumming ......... 
Michael Faraday, 
F.R.S. 
Rev. W. V. Harcourt, M.A., 
F.R.S. 
Richard Phillips, F.R.S. ...... 
John Perey, M.D., F.B.S....... 
Dr. Christison, V.P.R.S.E. 
Prof. Thomas Graham, F.R.S. 
Thomas Andrews, M.D.,F.R.S. 


DCle, 


Prof. J. F. W. Johnston, M.A., 
F.R.S. 

Prof.W. A.Miller, M.D.,F.R.S. 

Dr. Lyon Playfair,C.B.,F.R.5. 

Prof. B. C. Brodie, F.R.S. ... 


Prof. Apjohn, M.D., F.R.S., 
M.R.LA. 

Sir J. F. W. Herschel, Bart., 
D.C.L. 

Dr. Lyon Playfair, C.B., F.2.8. 


Prof. B. C. Brodie, F.R.S...... 


Prof, W.A. Miller, M.D.,F.R.S. 
Prof. W.A. Miller, M.D.,F.R.S. 


Dr. Alex. W. Williamson, 
F.R.S. 

W.Odling, M.B.,F.R.S.,F.C.5. 

Prof. W. A. Miller, M.D., 
V.P.R.S. 

H. Bence Jones, M.D., F.R.S. 


T. Anderson, 
F.R.S.E. 

Prof. E. Frankland, F.R.S., 
F.C.8. 

Dr. H. Debus, F.R.S., F.C.S. 


M.D., 


Liverpool... 


Prof. H. E. Roscoe, B.A., 


F.R.S., F.C.S. 


Dr. Apjohn, Prof. Johnston. 

Dr. Apjohn, Dr, C. Henry, W. Hera- 
path. 

Prof. Johnston, Prof. Miller, Dr. 
Reynolds. 

Prof. Miller, H. L, Pattinson, Thomas 
Richardson. 

Dr. Golding Bird, Dr. J. B. Melson. 

Dr. R. D. Thomson, Dr. T. Clark, 
Dr. L. Playfair. 

J. Priceaux, Robert Hunt, W. M. 
Tweedy. 


| Dr. L. Playfair, R. Hunt, J. Graham. 


R. Hunt, Dr. Sweeny. 
Dr. L. Playfair, E. Solly, T. H. Barker. 


'R. Hunt, J. P. Joule, Prof. Miller, 


E. Solly. 
Dr. Miller, R. Hunt, W. Randall. 


B. C. Brodie, R. Hunt, Prof. Solly. 


T. H. Henry, R. Hunt, T. Williams. 

R. Hunt, G. Shaw. 

Dr. Anderson, R. [Iunt, Dr. Wilson. 

T. J. Pearsall, W. 8. Ward. 

Dr. Gladstone, Prof. Hodges, Prof. 
Ronalds. { 

H. 8S. Blundell, Prof. R. Hunt, T. J. 
Pearsall. 

Dr.Edwards, Dr.Gladstone, Dr.Price. 

Prof. Frankland, Dr. H. E. Roscoe. 

J. Horsley, P. J. Worsley, Prof. 
Voelcker. 

Dr. Davy, Dr. Gladstone, Prof. Sul- 
livan. 

Dr. Gladstone, W. Odling, R. Rey- 
nolds. 

J. 8. Brazier, Dr. Gladstone, G. D. 
Liveing, Dr. Odling. 

A. Vernon Harcourt, G. D. Liveing, 
A. B. Northcote. 

A. Vernon Harcourt, G. D. Liveing. 

H. W. Elphinstone, W. Odling, Prof. 
Roscoe. 

Prof, Liveing, H. L. Pattinson, J. C. 
Stevenson. 

A.V.Harcourt,Prof.Liveing,R.Biggs. 

A. V. Harcourt, H. Adkins, Prof. 
Wanklyn, A. Winkler Wills. 

J. H. Atherton, Prof. Liveing, W. J. 
Russell, J. White. 

A. Crum Brown, Prof. G. D. Liveing, 
W. J. Russell. 

Dr. A. Crum Brown, Dr. W. J. Rus- 
sell, F. Sutton. 

Prof. A. Crum Brown, Dr. W. J. 
Russell, Dr. Atkinson. 

Prof. A. Crum Brown, A. E. Fletcher 
Dr. W. J. Russell. 


XXXVili REPORT—1882. 


Date and Place Presidents Secretaries 


1871. Edinburgh | Prof. T. Andrews, M.D.,F.R.S. J. T. Buchanan, W. N. Hartley, T. 
E. Thorpe. 

1872. Brighton ...| Dr. J. H. Gladstone, F.R.S....| Dr. Mills, W. Chandler Roberts, Dr. 
| W. J. Russell, Dr. T. Wood. 

1873. Bradford ...| Prof. W. J. Russell, F.R.S....| Dr. Armstrong, Dr. Mills, W. Chand- 
ler Roberts, Dr. Thorpe. 


1874. Belfast...... Prof. A. Crum Brown, M.D.,) Dr. T. Cranstoun Charles, W. Chand- 
F.R.S.E., F.C.S. ler Roberts, Prof. Thorpe. 

1875. Bristol...... A. G. Vernon Harcourt, M.A.,| Dr. H. E. Armstrong, W. Chandler 
F.RB.S., F.C.S. Roberts, W. A. Tilden. 


1876. Glasgow ...|W..H. Perkin, F.R.S. .........|W. Dittmar, W. Chandler Roberts, 

J. M. Thomson, W. A. Tilden. 

1877. Plymouth...) F. A. Abel, F.R.S., F.C.S. ...) Dr. Oxland, W. Chandler Roberts, 

J. M. Thomson. 

1878, Dublin...... Prof. Maxwell Simpson, M. D.,| W. Chandler Roberts, J. M. Thom- 
F.B.5., F.C.S. | son, Dr. C. R. Tichborne, T. Wills. 

1879. Sheffield ...| Prof. Dewar, M.A., F.R:S. |H. S. Beli, W. Chandler Roberts, J. 

| M. Thomson. 

1880. Swansea ...| Joseph Henry Gilbert, Ph.D.,|H. B. Dixon, Dr. W. R. Eaton Hodg- 


F.R.S. kinson, P. Phillips Bedson, J. M. 
Thomson. 
BR Lee iOT iss ena oe Prof. A. W. Williamson, Ph.D.,! P. aS aunt Bedson, H. B. Dixon, 
F.R.S. . Gough. 
1882. Southamp- |Prof. G. D. Liveing, M.A., ‘P phillips Bedson, H. B. Dixon, 
ton. lee BRAS. J. L. Notter. 


GEOLOGICAL (ayn, untit 1851, GEOGRAPHICAL) SCIENCE. 


COMMITTEE OF SCIENCES, ITI.—GEOLOGY AND GEOGRAPHY. 


1832. Oxford ...... |R. I. Murchison, F.R.S. ......)John Taylor. 
1833. Cambridge. G. B. Greenough, F.R.S. ......| W. Lonsdale, John Phillips. 


1834. Edinburgh .| Prof. Jameson ...........+.00008 Prof. Phillips, T. Jameson Torrie, 
| Rev. J. Yates. 


SECTION C.—GEOLOGY AND GEOGRAPHY. 


1835. Dublin...... (ae ee. poi 01 ao RR Ae sara Captain Portlock, T. J. Torrie. 
1836. Bristol ......;Rev. Dr. Buckland, F.R.S.— William Sanders, 8. Stutchbury, 


Geography, R.I. Murchison,| TT. J. Torrie. 
F.R.S. 


1837. Liverpool... Rev. Prof. Sedgwick, F.R.S.— Captain Portlock, R. Hunter.— Geo- 
Geography,G.B.Greenough,, g7aphy, Captain H. M. Denham, 

| RU RES. RIN: 

1888. Newcastle. .|C. Lyell,’ F.R.S., V.P.G.S.—|W. C. Trevelyan, Capt. Portlock.— 

| Geography, Lord Prudhope.| Geography, Capt. Washington. 

1839. Birmingham Rev. Dr. Buckland, F.R.S.—|George Lloyd, M.D., H. E. Strick- 

Geography,G.B.Greenough,| land, Charles Darwin. 

| _F.R.S. 

1340. Glasgow ... Charles Lyell, F.R.S.—G@eo-|W. J. Hamilton, D. Milne; Hugh 

graphy, G. B. Greenough,| Murray, H. E. Strickland, John 


F.R.S. Scoular, M.D. 
1841. Plymouth... H. T. De la Beche, F.R.S. ...| W.J. Hamilton, Edward Moore; M.D., 
R. Hutton. 


1842, Manchester he I. Murchison, F.R.S. ...... E. W. Binney, R. Hutton, Dr. R. 
; Lloyd, H. E. Strickland. 
1843. Cork........./Richard E. Griffith, F.R.S.,| Francis M. Jennings, H. E. Strick- 


M.R.LA. land. 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. XXXIX 


Date and Place Presidents Secretaries 
1844. York......... Henry Warburton, M.P., Pres. | Prof. Ansted, E. H. Bunbury. 
Geol. Soc. 
1845. Cambridge.|Rev. Prof. Sedgwick, M.A.,|Rev. J. C. Cumming, A. C, Ramsay, 


F.R.S. 

Leonard Horner,F.R.S.— Geo- 
graphy, G. B. Greenough, 
E.R.S. 

Very Rev.Dr.Buckland,F.R.8. 


Rev. W. Thorp. 

Robert A. Austen, Dr. J. H. Norton, 
Prof. Oldham.— Geography, Dr. C. 
T. Beke. 

Prof. Ansted, Prof. Oldham, A. C, 
Ramsay, J. Ruskin. 


1846. Southamp- 
ton. 


1847. Oxford 


1848. Swansea ...|Sir H. T. De la Beche, O.B.,| Starling Benson, Prof. Oldham, 
F.B.S. Prof. Ramsay. 
1849.Birmingham|Sir Charles Lyell, F.R.S., J. Beete Jukes, Prof. Oldham, Prof. 
F.G.S. A. C. Ramsay. 

1850. Edinburgh?|Sir Roderick I. Murchison,)A. Keith Johnston, Hugh Miller, 
F.R.S. Prof. Nicol. 


SECTION C (continwed).—GEOLOGY. 


Cc. J. F. Bunbury, G. W. Ormerod- 


1851. Ipswich 
Searles Wood. 


...| WilliamHopkins, M.A.,F.R.S. 


1852. Belfast...... Lieut.-Col. Portlock, R.E.,|James Bryce, James MacAdam, 
IRESE Prof. M‘Coy, Prof. Nicol. 
Gb LU suse seus Prof. Sedgwick, F.R.S......... Prof. Harkness, William Lawton. 


John Cunningham, Prof. Harkness, 
G. W. Ormerod, J. W. Woodall. 
James Bryce, Prof. Harkness, Prof. 

Nicol. 

Rev. P. B. Brodie, Rev. R. Hep- 
worth, Edward Hull, J. Scougall, 
T. Wright. 

Prof. Harkness, Gilbert Sanders, 
Robert H. Scott. 


1854. Liverpool..|Prof. Edward Forbes, F,R.S. 


1855. Glasgow ...|Sir R. I. Murchison, F.R.5.... 


1856, Cheltenham|Prof. A. C. Ramsay, F.R.S.... 


1857. Dublin The Lord Talbot de Malahide 


1858. Leeds 
1859. Aberdeen...|Sir Charles 
1860. Oxford 


1863. Newcastle 
W864, Bath... 


William Hopkins,M.A.,LL.D., 
F.R.S. 


Lyell, LL.D., 
D.C.L., F.R.S. 

Rev. Prof. Sedgwick, LL.D., 
F.R.S., F.G.8. 


1861. Manchester |Sir R. I. Murchison, D.C.L., 


LL.D., F.R.S. 


1862. Cambridge |J. Beete Jukes, M.A., F.R.S. 


Prof. Warington W. Smyth, 
F.RB.S., F.G.5. 

Prof.. J. ‘Phillips, 
F.R.S., F.G.S. 


LL.D., 


1865.Birmingham|Sir R. I. Murchison, Bart., 


K.C.B. 


1866. Nottingham| Prof. A. C. Ramsay, LL.D., 


Prof. Nicol, H. C. Sorby, E. W. 
Shaw. 

Prof. Harkness, Rev. J. Longmuir, 
H. C. Sorby. 

Prof. Harkness, Edward Hull, Capt. 
D. C. L. Woodall. 
Prof. Harkness, Edward Hull, T. 
Rupert Jones, G. W. Ormerod. 
Lucas Barrett, Prof. T. Rupert 
Jones, H. C. Sorby. 

E. F. Boyd, John Daglish, H. C. 
Sorby, Thomas Sopwith. 

W. B. Dawkins, J. Johnston, H. C. 
Sorby, W. Pengelly. 

Rev. P. B. Brodie, J. Joues, Rev. E. 
Myers, H. C. Sorby, W. Pengelly. 

R. Etheridge, W. Pengelly, T. Wil- 


E.R.S. son, G. H. Wright. 
1867. Dundee ...|Archibald Geikie, F.R.S.,|Edward Hull, W. Pengelly, Henry 
F.G.S. Woodward. 


1 Ata meeting of the General Committee held in 1850, it was resolved * That 
the subject of Geography be separated from Geology and combined with Ethnology, 
to constitute a separate Section, under the title of the “ Geographical and Ethno- 
logical Section,’’’ for Presidents and Secretaries of which see page xliv. 
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Date and Place 


1832. 
1833. 
1834. 


1855. 
1836. 


1837. 
1838. 


18389 


5. Bristol 


. Norwich ... 


NSHXeGHED ecemes 
. Liverpool... 
. Edinburgh 
. Brighton... 


. Bradford ... 
. Belfast 


. Glasgow ... 
. Plymouth... 
sed Diitoihb ae aaaa 
. Sheffield ... 
. Swansea ... 


se eeeeeee 


. Southamp- 
ton. 


Oxford 
Cambridge! 
Edinburgh. 


Liverpool... 
Newcastle 


. Birmingham 


1840. Glasgow ... 


1841 
1842 


1843. 


. Plymouth... 
. Manchester 


Presidents 


Secretaries 


R. A. C. Godwin-Austen, 
F.R.S., F.G.S. 

Prof. R. Harkness, F.R.S., 
F.G.S. 

Sir Philipde M.Grey Egerton, 
Bart., M.P., F.R.S. 

Prof. A. Geikie, F.R.S., F.G.S8. 

Re As 

E.R.S. 

Prof. J. Phillips, 
F.R.S., F.G.S. 

Proteegbiull...M. A. 
F.G.S. 

Dr. Thomas Wright, F.R.S.E., 
F.G.S. 

Prof. John Young, M.D. ...... 


C. Godwin-Austen, 
DiCik:; 


F.R.S., 


Wie bencelly. WH URIS: cee scve 


John Evans, D.C.L., F.R.S., 
F.S.A., F.G.S. 

Prof. P. Martin Duncan, M.B., 
F.R.S., F.G.S. 


EEC. S0rbys, WL DR pe. 
F.G.S. 

A. C. Ramsay, LL.D., F.R.8., 
F.G.S. 

R. Etheridge, F.R.S., F.G.S. 


Rev. O. Fisher, Rev. J. Gunn, W. 
Pengelly, Rev. H. H. Winwood. 
W. Pengelly, W. Boyd Dawkins, 
Rey. H. H. Winwood. 

W. Pengeliy, Rev. H. H. Winwood, 
W. Boyd Dawkins, G. H. Morton. 

R. Etheridge, J. Geikie, T. McKenny 
Hughes, L. C. Miall. 

L. C. Miall, George Scott, William 
Topley, Henry Woodward. 

L. C. Miall, R. H. Tiddeman, W. 
Topley. 

F. Drew, L. C. Miall, R. G. Symes, 
R. H. Tiddeman. 

L. C. Miall, E. B. Tawney, W. Top- 
ley. 

J. Armstrong, F. W. Rudler, W. 
Topley. 


.-|Dr. Le Neve Foster, R. H. Tidde- 


man, W. Topley. 

E. T. Hardman, Prof. J. O’Reilly, 
R. H. Tiddeman. 

W. Topley, G. Blake Walker. 


W. Topley, W. Whitaker. 


J. E. Clark, W. Keeping, W. Topley, 
W. Whitaker. 


T. W. Shore, W. Topley, E. West- 
lake, W. Whitaker. 


BIOLOGICAL SCIENCES. 


COMMITTEE OF SCIENCES, IV.—ZOOLOGY, BOTANY, PHYSIOLOGY, ANATOMY. 


Rev. W. L. P. Garnons, F.L.S. 
Prof. Graham 


C. C. Babington, D. Don. 
W. Yarrell, Prof. Burnett. 


SECTION D.—ZOOLOGY AND BOTANY. 


JO pe N bree Waa ee ee re = 
Rey. Prof. Henslow 


WS. Macleay.....-:.s+sccee Bere 
Sir We Jardine, Barts ss...sses 


Prot. Owens HVH-Ss -..cecceseee 
Sir W. J. Hooker, LL.D....... 


John Richardson, M.D., F.R.S. 

Hon. and Very Rev. W. Her- 
bert, LL.D., F.L.S. 

William Thompson, F.L.S. ... 


J. Curtis, Dr. Litton. 

J. Curtis, Prof. Don, Dr. Riley, §8. 
Rootsey. 

C. C. Babington, Rev. L. Jenyns, W. 
Swainson. 

J. E. Gray, Prof. Jones, R. Owen, 
Dr. Richardson. 

E. Forbes, W. Ick, R. Patterson. 

Prof. W. Couper, E. Forbes, R. Pat- 
terson. 

J.Couch, Dr. Lankester, R. Patterson. 

Dr. Lankester, R. Patterson, J. A. 
Turner. 

G. J. Allman, Dr. Lankester, R. 


Patterson. 


‘ At this Meeting Physiology and Anatomy were made a separate Committee, 
for Presidents and Secretaries of which see p. xliii. 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Date and Place 


1844, York......... 
1845. Cambridge 
1846. Southamp- 
ton. 
1847. Oxford 


Presidents 


| 


Very Rey. the Dean of Man- | 
chester. 

| Rev. Prof. Henslow, F.L.S.... 

Sir J. Richardson, M.D., 
F.R.S. 


xli 


Secretaries 


Prof. Allman, H. Goodsir, Dr. King, 
Dr. Lankester. 

Dr. Lankester, T. V. Wollaston. 

Dr. Lankester, T. V. Wollaston, H. 
Wooldridge. 


H. E. Strickland, M.A., F.R.S. 


Dr. Lankester, Dr. Melville, T. V. 
Wollaston. 


SECTION D (continued).—zOOLOGY AND BOTANY, INCLUDING PHYSIOLOGY. 


{For the Presidents and Secretaries of the Anatomical and Physiological Subsec- 
tions and the temporary Section E of Anatomy and Medicine, see p. xliii.] 


1848. Swansea ... 


1849. Birmingham 
1850. Edinburgh 


1851. Ipswich 


1852. Belfast 


1853. 
1854. 
1855. 
1856. 


18 oil rece = 
Liverpool... 
Glasgow ... 
Cheltenham 


1857. Dublin 


1858. Leeds 


1859. Aberdeen... 


1860. Oxford 


1861. Manchester 


1862. 
1863. 


Cambridge 
Newcastle 
1864. 


eee eeenes 


1865. Birmingham 


E,W. Dillwyn, PVRS. ..2...-.- 


William Spence, F.R.S. ...... 
Prof. Goodsir, F.R.S. L. & E. 


...|Rev. Prof. Henslow, M.A., 


Wit Oeil Dy peters scadatecsacers techs 
C. C. Babington, M.A., F.R.S. 
Prof. Balfour, M.D., F.R.S8.... 
Rev. Dr. Fleeming, F.R.S.E. 
Thomas Bell, F.R.S., Pres. L.8. 


Prof. W. H. Harvey, M.D., 
F.R.S. 

C. C. Babington, M.A., F.R.S. 

Sir W. Jardine, Bart., F.R.S-E. 

Rey. Prof. Henslow, F.L.5S.... 

Prof. C. C. Babington, F.R.S. 


Brot Husdleys be Resa. seer ex 
Prof, Balfour, M.D., F.R.S.... 


Dr. John E. Gray, F.R.S. 


T: Thomson, M.D., F.R.S. ... 


SECTION D (continued), 


Dr. R. Wilbraham Falconer, A. Hen- 
frey, Dr. Lankester. 
Dr. Lankester, Dr. Russell. 
Prof. J. H. Bennett, M.D., Dr. Lan- 
kester, Dr. Douglas Maclagan. 
Prof. Allman, F. W. Johnston, Dr. E. 
Lankester. 

Dr. Dickie, George C. Hyndman, Dr. 
Edwin Lankester. 

Robert Harrison, Dr. E. Lankester. 

Isaac Byerley, Dr. E. Lankester. 

William Keddie, Dr. Lankester. 

Dr. J. Abercrombie, Prof. Buckman, 
Dr. Lankester. 

Prof. J. R. Kinahan, Dr. E. Lankester, 
Robert Patterson, Dr. W. E.Steele. 

Henry Denny, Dr. Heaton, Dr. E. 
Lankester, Dr. E. Perceval Wright. 

Prof. Dickie, M.D., Dr. E. Lankester, 
Dr. Ogilvy. 

W. 8S. Church, Dr. E. Lankester, P. 
L. Sclater, Dr. E. Perceval Wright. 

Dr. T. Alcock, Dr. E. Lankester, Dr. 
P. L. Sclater, Dr. E. P. Wright. 

Alfred Newton, Dr. E. P. Wright. 

Dr. E. Charlton, A. Newton, Rev. H. 
B. Tristram, Dr. E. P. Wright. 


.|H. B. Brady, C. E. Broom, H. T. 


Stainton, Dr. E. P. Wright. 
Dr. J. Anthony, Rev. C. Clarke, Rev. 
H. B. Tristram, Dr. E. P. Wright. 


—BsIoLocy.! 


1866. Nottingham Prof. Huxley, LL.D., F.R.S.|Dr. J. Beddard, W. Felkin, Rev. H. 


1867. Dundee 


—Physiological Dep., Prof. 
Humphry, M.D., F.R.S.— 
Anthropological Dep., Alf. 
R. Wallace, F.R.G.S. 


—Dep. of Zool. and Bot., 
George Busk, M.D., F.R.S. 


B. Tristram, W. Turner, E. B. 
Tylor, Dr. E. P. Wright. 


...| Prof. Sharpey, M.D., Sec. R.S.|C. Spence Bate, Dr. S. Cobbold, Dr. 


M. Foster, H. T. Stainton, Rev. H. 
B. Tristram, Prof. W. Turner. 


1 At a meeting of the General Committee in 1865, it was resolved :—‘ That the title 
of Section D be changed to Biology ;’ and ‘That for the word “Subsection,” in the 
rules for conducting the business of the Sections, the word “ Department”’ be substituted.” 
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Presidents 


Secretaries 


1868. Norwich ... 


1869. Exeter...... 


1870. 


Liverpool... 


. Edinburgh 


. Brighton... 


1873. Bradford ... 


. Belfast...... 


1875. Bristol ...... 


1876. Glasgow ... 


1877. 


Plymouth... 


1878. Dublin ...... 


1879. Sheffield ... 


1880. Swansea ... 


Rev. M. J. Berkeley, F.L.5. 
—Dep. of Physiology, W. 
H. Flower, F.R.S8. 


George Busk, F.R.S., F.L.8. 
—Dep. of Bot. and Zool., 
C. Spence Bate, F.R.S.— 
Dep. of Ethno., E. B. Tylor. 

Prof.G. Rolleston, M.A., M.D., 
F.R.S., F.L.S.—Dep. of 
Anat. and Physiol., Prof.M. 
Foster, M.D., F.L.8.—Dep. 
of Ethno., J. Evans, F.R.S. 

Prof. Allen Thomson, M.D., 
F.R.S.— Dep. of Bot. and 
Zool.,Prof.WyvilleThomson, 
¥.R.S.—Dep. of Anthropol., 
Prof. W. Turner, M.D. . 

Sir J. Lubbock, Bart., F.R.S.— 
Dep. of Anat. and Physiol., 
Dr. Burdon Sanderson, 
F.R.S.—Dep. of Anthropol., 
Col. A. Lane Fox, F.G.8. 

Prof. Allman, F.R.S.—Dep. of 
Anat.and Physiol.,Prof. Ru- 
therford, M.D.— Dep. of An- 
thropol., Dr. Beddoe, F.R.S. 

Prof. Redfern, M.D.—Dep. of 
Zool. and Bot., Dr. Hooker, 
C.B.,Pres.R.S.—Dep. of An- 
throp., Sir W.R. Wilde, M.D. 

P. L. Sclater, F.R.S.—Dep. of 
Anat.and Physiol.,Prof.Cle- 
land, M.D., F.R.S.-—Dep. of 
Anthropol., Prof. Rolleston, 
M.D., F.RB.S. 

A. Russel Wallace, F.R.G.S., 
F.L.8.—Dep. of Zool. and 
Bot., Prof. A. Newton, M.A., 
F.R.S.—Dep. of Anat. and 
Physiol., Dr. J. G. McKen- 
drick, F.R.S.E. 

J.GwynJefireys, LL. D.,F.R.5., 
F.L.S.—Dep. of Anat. and 
Physiol., Prof. Macalister, 
M.D.—Dep. of Anthropol., 
Francis Galton, M.A.,F.R.8. 

Prof. W. H. Flower, F.R.S.— 
Dep. of Anthropol., Prof. 
Huxley, Sec. R.S.—Dep. 
of Anat. and Physiol. R. 
McDonnell, M.D., F.R.S. 

Prof. St. George Mivart, 
F.R.S.— Dep. of Anthropol., 
E. B. Tylor, D.C.L., F.R.S. 
—Dep. of Anat. and Phy- 
siol., Dr. Pye-Smith. 

A. C. L. Giinther, M.D., F.R.S. 
—Dep. of Anat. and Phy- 
siol., F. M. Balfour, M.A., 
F.R.S.—Dep. of Anthropol., 
F. W. Rudler, F.G.8. 


Dr. T. 8. Cobbold, G. W. Firth, Dr. 
M. Foster, Prof. Lawson, H. T. 
Stainton, Rev. Dr. H. B. Tristram, 
Dr. E. P. Wright. 

Dr. T. 8. Cobbold, Prof. M. Foster, 
E. Ray Lankester, Prof. Lawson, 
H. T Stainton, Rev. H. B. Tris- 
tram. 

Dr. T. S$. Cobbold, Sebastian Evans, 
Prof. Lawson, Thos. J. Moore, H. 
T. Stainton, Rev. H. B. Tristram, 
C. Staniland Wake, E. Ray Lan- 
kester. 

Dr. T. R. Fraser, Dr. Arthur Gamgee, 
E. Ray Lankester, Prof. Lawson, 
H. T. Stainton, C. Staniland Wake, 
Dr. W. Rutherford, Dr. Kelburne 
King. 

Prof. Thiselton-Dyer, H. T. Stainton, 
Prof. Lawson, F. W. Rudler, J. H. 
Lamprey, Dr. Gamgee, E. Ray 
Lankester, Dr. Pye-Smith. 


Prof. Thiselton-Dyer, Prof. Lawson, 
R. M‘Lachlan, Dr. Pye-Smith, E. 
Ray Lankester, F. W. Rudler, J. 
H. Lamprey. 

W.T. Thiselton- Dyer, R. O. Cunning- 
ham, Dr. J. J. Charles, Dr. P. H. 
Pye-Smith, J. J. Murphy, F. W. 
Rudler. 

E. R. Alston, Dr. McKendrick, Prof. 
W. R. M‘Nab, Dr. Martyn, F. W. 
Rudler, Dr. P. H. Pye-Smith, Dr. 
W. Spencer. 


E. R. Alston, Hyde Clarke, Dr. 
Knox, Prof. W. R. M‘Nab, Dr. 
Muirhead, Prof. Morrison Wat- 
son. 


E. R. Alston, F. Brent, Dr. D. J. 
Cunningham, Dr. C. A. Hingston, 
Prof. W. R. M‘Nab, J. B. Rowe, 
F. W. Rudler. 


Dr. R. J. Harvey, Dr. T. Hayden, 
Prof. W. R. M‘Nab, Prof. J. M. 
Purser, J. B. Rowe, F. W. Rudler. 


Arthur Jackson, Prof. W. R. M‘Nab, 
J. B. Rowe, F. W. Rudler, Prof. 
Schiifer. 


G. W. Bloxam, John Priestley, 
Howard Saunders, Adam Sedg- 
wick. 


Date and Place 


1881. York.. 


1882. Southamp- 
ton. 


1833. Cambridge 
1834. Edinburgh 


1838. Newcastle 


1840. Glasgow ... 


1841. Plymouth... 
1842. Manchester 
1843. 
1844 


1845. Cambridge 
i846. Southamp- 
ton. 


1847. Oxford! 


. Edinburgh 
. Glasgow ... 
. Dublin 
. Leeds 


ee eeee 


. Aberdeen... 
. Oxford 


Geography. 


eee 


siology’ (see p. xl). 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Presidents 


xlili 


Secretaries 


Richard Owen, C.B., M.D., 
F.R.S.—Dep.of Anthropol., 
Prof. W. H. Flower, LL.D., 
F.R.S.—Dep. of Anat. and 
Physiol., Prof. J. S$. Burdon 
Sanderson, M.D., F.R.S. 

Prof. A. Gamgee, M.D., F.R.S. 
— Dep. of Zool. and Bot., 
Prof. M. A. Lawson, M.A., 
F.L.S.—Dep. of Anthropol., 


Prof. W. Boyd Dawkins, | 


M.A., F.B.S. 


ret errr rrr 


T. E. Headlam, M.D. ......... 


1839. Birmingham | John Yelloly, M.D., F.R.S.... 


James Watson, M.D. 


P. M. Roget, M.D., Sec. B.S. 


Edward Holme, M.D., F.L.S. 
Sir James Pitcairn, M.D. .. 
Je Cy Pritehard; MDa)... aie.. 


G. W. Bloxam, W. A. Forbes, Rev. 
W. C. Hey, Prof. W. R. M‘Nab, 
W. North, John Priestley, Howard 
Saunders, H, E. Spencer. 


G. W. Bloxam, W. Heape, J. B. 
Nias, Howard Saunders, A. Sedg- 
wick, T. W. Shore, jun. 


ANATOMICAL AND PHYSIOLOGICAL SCIENCES. 


COMMITTEE OF SCIENCES, V.—ANATOMY AND PHYSIOLOGY. 


Dr. Bond, Mr. Paget. 
Dr. Roget, Dr. William Thomson. 


SECTION E (UNTIL 1847),.—ANATOMY AND MEDICINE. 


1835. Dublin ...... Dre riicheand ca wecss2-scescceese Dr. Harrison, Dr. Hart. 
1836. Bristol ...... Dr.) Roget, FURS. .....ccseas-es Dr. Symonds. 
1837. Liverpool...| Prof. W. Clark, M.D. ......... Dr. J. Carson, jun., James Long, 


Dr. J. R. W. Vose. 

T. M. Greenhow, Dr. J. R. W. Vose. 

Dr. G. O. Rees, I". Ryland. 

Dr. J. Brown, Prof. Couper, Prof. 
Reid. 

Dr. J. Butter, J. Fuge, Dr. R. 8. 
Sargent. 

Dr. Chaytor, Dr. R. 8. Sargent. 


.| Dr. John Popham, Dr. R. 8. Sargent. 


J. Erichsen, Dr. R. 8. Sargent. 


SECTION E.—PHYSIOLOGY. 


Prof. J. Haviland, M.D. ...... 
Prof. Owen, M.D., F.R.S. ... 


Prof. Ogle, M.D., F.RB.S. ...... 


|Dr. R. S. Sargent, Dr. Webster. 

GC. P. Keele, Dr. Laycock, Dr. Sar- 
ent. 

Dr. Thomas K. Chambers, W. P. 

| Ormerod. 


PHYSIOLOGICAL SUBSECTIONS OF SECTION D. 


Prof. Bennett, M.D., F.R.S.E. 

Prof, Allen Thomson, F.R.S. 

Prof. R. Harrison, M.D. :...... 

Sir Benjamin Brodie, Bart., 
F.R.S. 

Prof. Sharpey, M.D., Sec.R.8. 

Prof. G. Rolleston, M.D., 
F.L.S. 


Benen eee eneeenee 


Prof. J. H. Corbett, Dr. J. Struthers. 
Dr. R. D. Lyons, Prof. Redfern. 
C. G. Wheelhouse. 


Prof. Bennett, Prof. Redfern. 
|Dr. R. M*Donnell, Dr. Edward 
Smith. 


j 1 By direction of the General Committee at Oxford, Sections D and E were 
incorporated under the name of ‘Section D—Zoology and Botany, including Phy- 
The Section being then vacant was assigned in 1851 to 
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Presidents 


Secretaries 


1863 
1864 


. Newcastle 
. Bath 


Prof. Rolleston, M.D., F.R.S. 
Dr. Edward Smith, LL.D., 
F.RS. 


1865. Birminghm.'| Prof. Acland, M.D., LL.D., 


1846.Southampton 


1847 


1848. 


1849 
1850 


1858. 


1859 


1860 


1861. 


1862 


1863 


1864. 


1865 
1866 


1867 


1868 


7. Dublin 


F.R.S. 


Dr. D. Embleton, Dr. W. Turrer. 
J. 8. Bartrum, Dr. W. Turner. 


Dr. A. Fleming, Dr. P. Heslop, 
Oliver Pembleton, Dr. W. Turner. 


GEOGRAPHICAL AND ETHNOLOGICAL SCIENCES. 


{For Presidents and Secretaries for Geography previous to 1851, see Section C, 
p. XXXvili.] 


. Oxford 


Swansea ... 
. Birmingham 
. Edinburgh 
. Ipswich 

. Belfast 


. Liverpool... 


5. Glasgow ... 


. Cheltenham 


. Aberdeen... 
Ne ORLONG ccaens 


Manchester 


. Cambridge 


. Newcastle 
. Birmingham 


. Nottingham 


. Dundee 


. Norwich ... 


ETHNOLOGICAL SUBSECTIONS OF SECTION D. 


Drememiie hands conccncessaeaterane 
Prof. H. H. Wilson, M.A. 


SECTION 


Pres. R.G.S. 
Col. Chesney, R.A., D.C.L., 
F.R.S. 
R. G. Latham, M.D., F.R.S. 


Sir R. I. Murchison, D.C.L., 
F.R.S. 

Sir J. 
F.R.S. 

Col. Sir H. C. Rawlinson, 
K.C.B. 

Rey. Dr. J. Henthorn Todd, 
Pres. R.I.A. 

Sir R.JI. Murchison, G.C.St.S., 
F.RB.S. 


Richardson, M.D., 


Rear - Admiral Sir James 
Clerk Ross, D.C.L., F.R.S. 

Sir R. I. Murchison, D.C.L.. 
F.R.S. 

John Crawfurd, F.R.S.......... 


Francis Galton, F.R.S.:........ 


Sir R. I. Murchison, K.C.B., 
F.R.S. 

Sir R. I. Murchison, K.C.B., 
F.R.S. 

Major-General Sir H. Raw- 
linson, M.P., K.C.B., F.R.S. 

Sir Charles Nicholson, Bart., 
LL.D. 


.|Sir Samuel Baker, F.R.G.S. 


Capt. G. H. Richards, R.N., 
F.R.S. 


' Vide note on page xii. 


Dr. King. 


...| Prof. Buckley. 


G. Grant Francis. 
Dr. R. G. Latham. 


Vice-Admiral Sir A. Malcolm! Daniel Wilson. 
E.— GEOGRAPHY AND ETHNOLOGY. 
.|Sir R. I. Murchison, F.R.S., 


R. Cull, Rev. J. W. Donaldson, Dr. 
Norton Shaw. 

R. Cull, R. MacAdam, Dr. Norton 
Shaw. 

R. Cull, Rev. H. W. Kemp, Dr. 
Norton Shaw. 

Richard Cull, Rev. H. Higgins, Dr. 
Thne, Dr. Norton Shaw. 

Dr. W. G. Blackie, R. Cull, Dr. 
Norton Shaw. 
R. Cull, F. D. Hartland, W. H. 
Rumsey, Dr. Norton Shaw. 
R. Cull, 8. Ferguson, Dr. R. 
Madden, Dr. Norton Shaw. 
R. Cull, Francis Galton, P. O’Calla- 
ghan, Dr. Norton Shaw, Thomas 
Wright. ; 

Richard Cull, Prof. Geddes, Dr. Nor- 
ton Shaw. 

Capt. Burrows, Dr. J. Hunt, Dr. C. 
Lempriére, Dr. Norton Shaw. 

Dr. J. Hunt, J. Kingsley, Dr. Nor- 


R. 


ton Shaw, W. Spottiswoode. 

J. W. Clarke, Rev. J. Glover, Dr. 
Hunt, Dr. Norton Shaw, T. 
Wright. 

C. Carter Blake, Hume Greenfield, 
C. R. Markham, R. 8. Watson. 

H. W. Bates, C. R. Markham, Capt. 
R. M. Murchison, T. Wright. 

H. W. Bates, 8. Evans, G. Jabet, C. 
R. Markham, Thomas Wright. 

H. W. Bates, Rev. E. T. Cusins, R. 
H. Major, Clements R. Markham, 
D. W. Nash, T. Wright. 

H. W. Bates, Cyril Graham, Clements 
R. Markham, 8. J. Mackie, R. 
Sturrock. 


T. Baines, H. W. Bates, Clements R. 
Markham, T. Wright. 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. 


Date and Place 


Presidents 
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Secretaries 


> Hixeter ...... 
. Liverpool... 
. Edinburgh 

. Brighton... 
. Bradford ... 
. Belfast...... 


. Bristol 


se eeee 


. Glasgow ... 
. Plymouth... 
penn ss 


. Sheffield ... 


. Swansea 


. Southamp- 
ton. 


1833. 
1834. 


Cambridge 
Edinburgh 


1835. Dublin 
1836. Bristol 


seeeee 


1837. Liverpool... 


1838. Newcastle 
1839. Birmingham 


1840. Glasgow ... 
1841. Plymouth... 
1842. Manchester 


+1845. Cambridge 


SECTION E (continwed).—GEOGRAPHY. 


Sir Bartle Frere, 
LL.D., F.R.G.S. 
Sir R.I.Murchison, Bt.,K.C.B., 
LL.D., D.C.L., F.B.S., F.G.S. 
Colonel Yule, C.B., F.R.G.S. 


K.C.B., 


Francis Galton, F.R.S.......... 
Sir Rutherford Alcock, K.C.B. 


Major Wilson, R.E., F.R.S., 
F.R.G.S. 

Lieut. - General Strachey, 
R.E.,C.5.L,F.R.S., F.R.G.S., 
F.L.S., F.G.S. 

Capt. Evans, C.B., F.R.S....... 


Adm. Sir E. Ommanney, C.B., 
E.R.S., F.R.G.S., F.R.A.S. 
Prof. Sir C. Wyville Thom- 
son, LL.D., F.R.S.L.&E. 
Clements R. Markham, C.B., 

F.R.S., Sec. R.G.S. 


...| Lieut.-Gen. Sir J. H. Lefroy, 


C.B., K.C.M.G., R.A., F.R.S., 
F.R.G.S. 

Sir J. D. Hooker, K.C.S.L., 
C.B., F.R.S. 

Sir R. Temple, Bart., G.C.S.L1., 
F.R.G.S. 


H. W. Bates, Clements R. Markham, 
J. H. Thomas, 

H.W.Bates, David Buxton, Albert J. 
Mott, Clements R. Markham. 

Clements R. Markham, A. Buchan, 
J. H. Thomas, A. Keith Johnston. 

H. W. Bates, A. Keith Johnston, 
Rev. J. Newton, J. H. Thomas. 

H. W. Bates, A. Keith Johnston, 
Clements R. Markham. 

E.G. Ravenstein, E. C. Rye, J. H. 
Thomas. 

iE W., Bates, b. C. Rye, E.. i. 

Tuckett. 


|H. W. Bates, E. C. Rye, R. Oliphant 
Wood. 

|H. W. Bates, F. E. Fox, E. C. Rye. 
\John Coles, E. C. Rye. 

H. W. Bates, C. E. D. Black, E. C. 


Rye. 
H. W. Bates, E. C. Rye. 


J. W. Barry, H. W. Bates. 


E. G. Ravenstein, E. C. Rye. 


STATISTICAL SCIENCE. 
COMMITTEE OF SCIENCES, VI.—STATISTICS. 


Prof. Babbage, F.R.S. ......... 
Sir Charles Lemon, Bart....... 


J. E. Drinkwater. 
Dr. Cleland, C. Hope Maclean. 


SECTION F.—STATISTICS. 


Charles Babbage, F.R.S. ......|W. Greg, Prof. Longfield. 
Sir Chas. Lemon, Bart., F.R.S.|Rev. J. E. Bromby, C. B, Fripp, 


James Heywood. 


Rt. Hon. Lord Sandon......... W. R. Greg, W. Langton, Dr. W. C. 
Tayler. 
Colonel Sykes, F.R.S. .........| W. Cargill, J. Heywood, W.R. Wood. 


Henry Hallam, F.R.S.......... 


Rt. Hon. Lord Sandon, M.P., 
F.R.S. 
Lieut.-Col. Sykes, F.R.S....... 


G. W. Wood, M.P., F.L.S. ... 


Sir C. Lemon, Bart., M.P. 

Lieut.- Col. Sykes, F.R.S., 
F.L.S. 

Rt. Hon. the Earl Fitzwilliam 


F. Clarke, R. W. Rawson, Dr. W. C. 
Tayler. 

C. R. Baird, Prof. Ramsay, R. W. 
Rawson. 

Rev. Dr. Byrth, Rev. R. Luney, R. 
W. Rawson. 

Rey. R. Luney, G. W. Ormerod, Dr. 
W. C. Tayler. 


...| Dr. D, Bullen, Dr. W. Cooke Tayler. 


J. Fletcher, J. Heywood, Dr. Lay- 
cock. 
J. Fletcher, Dr. W. Cooke Tayler. 
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Date and Place | 


Presidents 


Secretaries 


1846 
1847 
1848 


1850. 
1851. 


1852 


1853. 
1854. 


=. 


. Glasgow 


. Cheltenham 


. Dublin 
elieeds: ..5...5 
. Aberdeen... 
. Oxford 


. Manchester | 


. Cambridge 


ton. 
Oxford 


seeeee 


. Southamp- G. R. Porter, FURS. «ss. 


| 


Travers Twiss, D.C.L.. F.R.S. 


. Swansea ... J. H. Vivian, M.P., F.R.S. 
1849. Birmingham Rt. Hon. Lord Lyttelton 


J. Fletcher, F. G. P. Neison, Dr. W. 
C. Tayler, Rev. T. L. Shapcott. 
Rev. W. H. Cox, J. J. Danson, F. G. 

P. Neison. 
J. Fletcher, Capt. R. Shortrede. 
Dr. Finch, Prof. Hancock, F. G. P. 


Neison. 


Edinburgh Very Rev. Dr. Jonn Lee, ‘Prof. Hancock, J. Fletcher, Dr. J. 
| V.P-RA8. Hy [P Stank 

Ipswich ... Sir John P. Boileau, Bart. ... J. Fletcher, Prof. Hancock. 

Belfast...... His Grace the Archbishop of Prof. Hancock, Prof. Ingram, James 
|_ Dublin. | MacAdam, jun. 

Eg cesses < James Heywood, M.P., F.R.S.'| Edward Cheshire, W. Newmarch. 

Liverpool... Thomas Tooke, F.R.S. ......... E. Cheshire, J. T. Danson, Dr. W. H. 


Duncan, W. Newmarch. 


... R. Monckton Milnes, M.P.... J. A. Campbell, E. Cheshire, W. New- 


march, Prof. R. H. Walsh. 


SECTION F (continwed),—ECONOMIC SCIENCE AND STATISTICS. 


His Grace the Archbishop of 
Dublin, M.R.1A. 

Edward Baines........... scans 

Col. Sykes, M.P., F.R.S. ...... 

'Nassau W. Senior, M.A. ...... 


William Newmarch, F.R.S.... 


Edwin Chadwick, C.B. ........ 


1863. Newcastle .| William Tite, M.P., F.R.S.... 
1864. Bath......... William Farr, M.D., D.C.L., 
F.R.S. 

1865. Birmingham | Rt. Hon. Lord Stanley, LL.D., 
M.P. 

1866. Nottingham| Prof. J. E. T. Rogers............ 
1867. Dundee ..... M. E. Grant Duff, M.P. ....... 
1868. Norwich....|Samuel Brown, Pres. Instit. 

A Actuaries, 
1269.) Exeter! ic. Rt. Hon. Sir Stafford H. North- 
cote, Bart., C.B., M.P. 
1870. Liverpool...| Prof. W. Stanley Jevons, M.A. 
1871. Edinburgh | Rt. Hon. Lord Neaves......... 
1872. Brighton ...| Prof. Henry Fawcett, M.P.... 
1873. Bradford ...| Rt. Hon. W. E. Forster, M.P. 
1874, Belfast...... Lord OPMa GaN... ss cace alien co ae 
1875. Bristol...... James Heywood, M.A.,F.R.S., 
Pres.8.8. 
1876. Glasgow ...|Sir George Campbell, K.C.S.L, 


Rt. Hon. Lord Stanley, M.P. |Rev. C. H. Bromby, E. Cheshire, Dr. 


W. N. Hancock, W. Newmarch, W. 
M. Tarti. 

Prof. Cairns, Dr. H. D. Hutton, W. 
Newmarch. : 

T. B. Baines, Prof. Cairns, 8. Brown, 
Capt. Fishbourne, Dr. J. Strang. 
Prof. Cairns, Edmund Macrory, A. M, 

Smith, Dr. John Strang. 

Edmund Macrory, W. Newmarch, 
Rev. Prof. J. E. T. Rogers. 

David Chadwick, Prof. R. C. Christie, 
E. Macrory, Rev. Prof. J. E. T. 
Rogers. 

H. D. Macleod, Edmund Macrory. 
T. Doubleday, Edmund Macrory, 
Frederick Purdy, James Potts. 

E. Macrory, HE. T. Payne, F. Purdy. 


G. J. D. Goodman, G. J. Johnston, 
E. Macrory. 

R. Birkin, jun., Prof. Leone Levi, E. 
Macrory. 

Prof. Leone Levi, E. Macrory, A. J. 
Warden. 

Rev. W.C. Davie, Prof. Leone Levi. 


Edmund Macrory, Frederick Purdy, 
Charles T. D. Acland. 

Chas. R. Dudley Baxter, E. Macrory, 
J. Miles Moss. 

J. G. Fitch, James Meikle. 

J. G. Fitch, Barclay Phillips. 

J.G. Fitch, Swire Smith. 

Prof. Donnell, Frank P. Fellows, 
Hans MacMordie. 

F. P. Fellows, T. G. P. Hallett, E. 
Macyrory. . 

A. M‘Neel Caird, T.G. P. Hallett, Dr. 
W. Neilson Hancock, Dr. W. Jack. 


PRESIDENTS AND SECRETARIES OF THE SECTIONS. 
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Date and Place 


1877. 
1878. 


1879. 


1880. 
1881. 


1882. 


1836. 
1837. 


1838. 


Presidents 


Secretaries 


Plymouth...| Rt. Hon. the Earl Fortescue 


Dublin 


Prof. J. K. Ingram, LL.D., 
M.R.LA. 


Sheffield ...|G. Shaw Lefevre, M.P., Pres. 


Swansea 


we eeeweee 


Southamp- 
ton. 


Bristol 
Liverpool... 
Newcastle 


1839. Birmingham 


1840. 


1841. 
1842, 


1843. 
1844. 
1845. 
1846. 
1847. 


1848. 


Glasgow .... 


Plymouth 
Manchester 


Cork 
SVOTIS sc oass0 
Cambridge 
Southamp- 
ton. 
Oxford 


aeeeee 


Swansea 


1849. Birmingham | 


1850. 
1851. 
1852. 
1853. 
1854. 
1855. 
1856. 
1857. 


1858. 
1859. 


1860. 
1861. 
1862. 


Edinburgh | 
Ipswich .....| 
Belfast 


Liverpool... 
Glasgow ... 
Cheltenham 
Dublin 


Leeds ...... 
Aberdeen... 


Oxford): c.2.: 


Manchester 


Cambridge 


8.8. 


...|G. W. Hastings, M.P........... 


Rt. Hon. M. E. Grant Duff, 
M.A., F.R.S. 

Rt. Hon. G. Sclater-Booth, 
M.P., F.R.S. 


W. F. Collier, P. Hallett, J. T. Pim. 
W. J. Hancock, C. Molloy, J. T. Pim. 


Prof. Adamson, R. E. Leader, C. 
Molloy. 

N. A. Humphreys, C. Molloy. : 

C. Molloy, W. W. Morrell, J. F. 
Moss. 

G. Baden Powell, Prof. H. S. Fox- 


well, A. Milnes, C. Molloy. 


MECHANICAL SCIENCE. 


SECTION G.—MECHANICAL SCIENCE. 


Reve Dr. RObINSOr .......c.6 
Charles Babbage, F.R.S. ...... 


Prof. Willis, F.R.S., and Robt. 
Stephenson. 

Sir John Robinson ............. 

John Taylor, F.R.S. .......0+... 

Rey. Prof. Willis, F.R.S....... 


Prof. J. Macneill, M.R.1.A.... 
| John Taylor, F.R.S. ............ 
George Rennie, F.R.S. 

Rev. Prof. Willis, M.A., F.R.S. 


Rey. Professor Walker, M.A., 
F.R.S. 


...| Rey. Professor Walker, M.A., 


F.R.S. 
Robert Stephenson, M.P., 
¥.R.S. 
Reve: HoObinsom +: .cs.cse..e-0e 
William Cubitt, F.R.S.......... 


|John Walker, C.E., LL.D., 
F.RB.S. 

William Fairbairn, C.E., 
FE.R.S. » 


John Scott Russell, F.R.S. 


W. J. Macquorn Rankine, 
C.E., F.R.S. 
George Rennie, F.R.S. ......... 


Rt. Hon. the Earl of Rosse, 
F.R.S. 

William Fairbairn, F.R.S. ... 

Rey. Prof. Willis, M.A., F.R.S. 


Prof.W.J. Macquorn Rankine, 
LL.D., F.RB.S. 
J. F. Bateman, C.E., F.R.S.... 


Wn. Fairbairn, LL.D., F.R.S. 


Davies Gilbert, D.C.L., F.R.S. 


|T. G. Bunt, G. T. Clark, W. West. 

Charles Vignoles, Thomas Webster. 

R. Hawthorn, C. Vignoles, T. 
Webster. 

W. Carpmael, William Hawkes, T. 
Webster. 

J. Scott Russell, J. Thomson, J. Tod, 
C. Vignoles. 

Henry Chatfield, Thomas Webster. 

J. F. Bateman, J. Scott Russell, J. 
Thomson, Charles Vignoles. 

James Thomson, Robert Mallet. 

Charles Vignoles, Thomas Webster. 

Rev. W. T. Kingsley. 

William Betts, jun., Charles Manby. 


J. Glynn, R. A. Le Mesurier. 
R. A, Le Mesurier, W. P. Struvé 
Charles Manby, W. P. Marshall. 


Dr. Lees, David Stephenson. 

John Head, Charles Manby. 

John F. Bateman, C. B. Hancock, 
Charles Manby, James Thomson. 

James Oldham, J. Thomson, W. 
Sykes Ward. 

John Grantham, 
Thomson. 

L. Hill, jun., William Ramsay, J. 
Thomson. 

C. Atherton, B. Jones, jun., H. M. 
Jeffery. 

Prof. Downing, W.T. Doyne, A. Tate, 
James Thomson, Henry Wright. 

J. C. Dennis, J. Dixon, H. Wright. 

R. Abernethy, P. Le Neve Foster, H. 
Wright. 

P. Le Neve Foster, Rev. F. Harrison, 
Henry Wright. 

P. Le Neve Foster, John Robinson, 
H. Wright. 

W. M. Fawcett, P. Le Neve Foster. 


J. Oldham, J. 


1845. Cambridge |G.B.Airy,F.R.S.,Astron.Royal 


R. I. Murchison, F.R.S. .. 
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Date and Place Presidents Secretaries 
1863. Newcastle /|Rev. Prof. Willis, M.A., F.R.S.|P. Le Neve Foster, P. Westmacott, 
J. F. Spencer. 
1864. Bath <..i....| J. Hawkshaw, F.R.S. .........|P. Le Neve Foster, Robert Pitt. 
1865. Birmingham Sir W. G. Armstrong, Ti D., P. Le Neve Foster, Henry Lea, W. 
F.R.S. P. Marshall, Walter May. 
1866. Nottingham Thomas Hawksley, V.P.Inst.|P. Le Neve Foster, J. F. Iselin, M. 
C.E., F.G.S. O. Tarbotton. 
1867. Dundee...... Prof.W.J. Macquorn Rankine,| P. Le Neve Foster, John P. Smith, 
LL.D., F.RB.S8. W. W. Urquhart. 
1868. Norwich ...|G. P. Bidder, C.E., F.R.G.S. |P. Le Neve Foster, J. F. Iselin, C. 
Manby, W. Smith. 
1869. Exeter ...... @: W. Siemens; FUR-S.........- P. Le Neve Foster, H. Banerman. 
1870. Liverpool...) Chas. B. Vignoles, C.E., F.R.S. H. Banerman, P. Le Neve Foster, T. 
| King, J. N. Shoolbred. 
1871. Edinburgh | Prof. Fleeming Jenkin, F.R.S. H. Bauerman, Alexander Leslie, J. 
| P. Smith. 
1872. Brighton ... |. J. Bramwell; C.B. ........- H. M. Brunel, P. Le Neve Foster, 
| J.G. Gamble, J. N. Shoolbred. 
1873. Bradford . ae Hee Barlow, feo iectarass ‘Crawford Barlow, H. Bauerman, 
; | E.H. Carbutt, J. C. Hawkshaw, 
| J. N. Shoolbred. 
1874. Belfast ......, Prof. James Thomson, LL.D., A. T. Atchison, J. N.Shoolbred, John 
| (O.E., F.R.S.E. Smyth, jun. 
1875. Bristol ...... W. Froude, C.E., M.A., F.R.S. W. R. Browne, H. M. Brunel, J. G. 
| Gamble, J. N. Shoolbred. 
1876. Glasgow ...|C. W. Merrifield, F.R.S. ...... W. Bottomley, jun., W. J. Millar, 
| | J. N. Shoolbred, J. P. Smith. 
1877. Plymouth...| Edward Woods, C.E. ......... A. T. Atchison, Dr. Merrifield, J. N. 
| Shoolbred. 
1878. Dublin ...... |Edward Easton, C.E. ......... A. T. Atchison, R. G. Symes, H. T. 
| Wood. 
1879. Sheffield ...|J. Robinson, Pres. Inst. Mech. A. T. Atchison, Emerson Bainbridge, 
Eng. | H. T. Wood. 
1880. Swansea ... James Abernethy, V.P. Inst. Az T. Atchison, H. T. Wood. 
C.E., F.R.S.E. 
PLS SiheM OTK rcsesn Sir W. G. Armstrong, C.B., A. T. Atchison, J. F. Stephenson, 
LL.D., D.C.L., F.R.S. H. T. Wood. 
1882. Southamp- John Fowler, C.E., F.G.S. ... A. 1’. Atchison, F. Churton, H. T. 
ton. Wood, 
List of Evening Lectures. 
Date and Place Lecturer Subject of Discourse 
1842. Manchester | Charles Vignoles, F.R.S...... |The Principles and Construction of 
Atmospheric Railways. 
Sin Me gievbromel © ior.ce-e.cesess | The Thames Tunnel. 
RG Murehisont-.cectcens: cote. ‘The Geology of Russia. 
1843. Cork .cesiveess Prot. (Owens) M.Ds HORS... The Dinornis of New Zealand. 
Prof. £. Forbes, F.R.S.......... The Distribution of Animal Life in 
the Aigean Sea. 
Dr. RODMSONE: cas sescdecseceenee The Earl of Rosse’s Telescope. 
1844, York ......... Charles Lyell, F.R.S. .....|Geology of North America. 
DreMalconerth RS i.s.cccescess The Gigantic Tortoise of the Siwalik 


Hills in India. 
Progress of Terrestrial Magnetism. 


.| Geology of Russia. 


>: = = + 


Date and Place 


1846. Southamp- 
ton. 


1847. Oxford... 


1848. Swansea ... 
1849. Birmingham 


1850. Edinburgh 


1851. Ipswich 


1852. Belfast...... 


Mig53. Hull :........ 


1854. Liverpool... 
855. Glasgow ... 


856. Cheltenham 


se eeee 


ee eeee 


59. Aberdeen... 


860. Oxford...... 
361. Manchester 
62. Cambridge 


63. Newcastle 


| 1882. 


LIST OF EVENING 


LECTURES. xlix 


Lecturer 


Subject of Discourse 


Prof. Owen, M.D., F.R.S. 
Charles Lyell, F.R.S. ........ 
Wi, Hes GLOWC SHU: «cpascnsene 


Rev. Prof. B. Powell, F.R.S. 
Prof. M. Faraday, I'.R.S....... 


Hugh E. Strickland, F.G.S.... 
John Percy, M.D., F.R.S....... 


W. Carpenter, M.D., F.R.S.... 
DreMaraday, HARASS. awath ceases 
Rev. Prof. Willis, M.A., F.R.S. 


Prof. J. H. Bennett, 


M.D., 
F.R.S.E. ; 


Der Mantel, FORES, . .cdante cease 


.|Prof. R. Owen, M.D., F.R.S. 


G.B.Airy,F.R.S.,As‘ron. Royal 

Prof. G. G. Stokes, D.C.L., 
F.R.S. 

Colonel Portlock, R.E., F.R.S. 


Prof. J. Phillips, LL.D., F.B.S., 
F.G.S. 


Robert Hunt, F.R.S.........006. 
Prof. R. Owen, M.D., F.R.S. 
Col. EH. Sabine, V.P.R.S. ...... 


Dr. W. B. Carpenter, F.R.S8. 
Lieut.-Col. H. Rawlinson 


Col. Sir H. Rawlinson 


With sOMOVE eH RiSsic..cecseveee 
Prof. W. Thomson, F.R.S. 
Rev. Dr. Livingstone, D.C.L. 
Prof. J. Phillips,LL.D.,F.R.S. 
Prof. R. Owen, M.D., F.R.S. 

Sir R. I. Murchison, D.C.L.... 
Rev. Dr. Robinson, F.R.S. ... 


Rev. Prof. Walker, F.R.S. ... 
Captain Sherard Osborn, R.N. 
Prof. W.A. Miller, M.A., F.R.S. 
G.B.Airy, F.R.S.,Astron. Royal 
Prof. Tyndall, LL.D., F.R.s. 

Prot.iOdling, WR:S. gsi .aaeees 
Prof. Williamson, F.R.S....... 


..| Fossil Mammaliaof the British Isles. 
.| Valley and Delta of the Mississippi. 


Properties of the Explosivesubstance 
discovered by Dr. Schénbein; also 
some Researches of his own on the 
Decomposition of Water by Heat, 

Shooting Stars. 

Magnetic and Diamagnetic Pheno- 
mena. 

The Dodo (Didus incptus). 

Metallurgical Operations of Swansea 
and its neighbourhood. 

Recent Microscopical Discoveries. 

Mr. Gassiot’s Battery. 

Transit of different Weights with 
varying velocities on Railways. 
Passage of the Blood through the 
minute vessels of Animals in con- 

nexion with Nutrition. 

Extinct Birds of New Zealand. 

Distinction between Plants and Ani- 
mals, and their changes of Form. 

Total Solar Eclipse of July 28, 1851. 

Recent discoveries in the properties 
of Light. 

Recent discovery of Rock-salt at 
Carrickfergus, and geological and 
practical considerations connected 
with it. 

Some peculiar Phenomena in the 
Geology and Physical Geography 
of Yorkshire. 

The present state of Photography. 

Anthropomorphous Apes. 

Progress of researches in Terrestrial 
Magnetism. 

Characters of Species. 


.| Assyrian and Babylonian Antiquities 


and Ethnology. 

Recent Discoveries in Assyria and 
Babylonia, with the results of 
Cuneiform research up to the pre- 
sent time. 

Correlation of Physical Forces. 


...| The Atlantic Telegraph. 


Recent Discoveries in Africa. 

The Ironstones of Yorkshire. 

The Fossil Mammalia of Australia. 

Geology of the Northern Highlands. 

Electrical Discharges in highly 
rarefied Media. 

Physical Constitution of the Sun. 

Arctic Discovery. 

Spectrum Analysis. 

The late Eclipse of the Sun. 

The Forms and Action of Water. 

Organic Chemistry. 

The Chemistry of the Galvanic Bat- 
tery considered in relation to Dy- 
namics. 
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Date and Place 


1863. Newcastle 
(cont.) 
1864. Bath 


ee eeeeeer 


1865. Birmingham 


1866. Nottingham 


1867. Dundee...... 


1868. Norwich ... 


Exeter 


weeeee 


1869. 


1870. Liverpool... 


1871. Edinburgh 


1872. Brighton ... 
Bradford ... 
Belfast 


. Bristol 


1876. Glasgow ... 


1877. Plymouth... 


1878. Dublin 


1879. Sheffield ... 


1880. Swansea . 


ASB, Vonks, woeee 


1882. Southamp- 
ton. 


sell IProks 


Lecturer 


Subject of Discourse 


James Glaisher, F.R.S......... 


Prof. Roscoe, F.R.S. .......00008 
Dr. Livingstone, F.R.S. ...... 
J. Beete Jukes, F.R.S.....0.... 


William Huggins, F.R.S. 


Dr. J. D. Hooker, F.R.S....... 
Archibald Geikie, F.R.S....... 


Alexander Herschel, F.R.A.5. 
J. Fergusson, F.R.S............. 


Dryas Odling DSRS. 2. ese 
Prof. J. Phillips, LL.D.,F.R.S. 
J. Norman Lockyer, F.R.8.... 


Prof. J. Tyndall, LL.D., F.R.8. 

Prof.W.J. Macquorn Rankine, 
LL.D., F.R.S. 

HAS Abel PURO cshiciepsnse= sone 


B. B, Tylor, FBS. ....cee00 


Prof. P. Martin Duncan, M.B., 
F.R.S. 
Profs W. K. Clifford ...........- 
Prof. W. C.Williamson, F.R.8. 
Prof. Clerk Maxwell, F.R.S. 
Sir John Lubbock, Bart.,M.P., 
F.R.S. 
Prot Einsdey. pH AR Seater. tenes 
W.Spottiswoode,LL.D.,F.R.S. 
F. J. Bramwell, F.B.S.......... 
Leigovie ple Ais SH Le sis] ayes sqdoonoce 
Sir Wyville Thomson, F.R.S. 
W. Warington Smyth, M.A., 


ProfOdling WH IR.S.)...adeastes 
G. J. Romanes, F.LS.......... 
Prof Dewars BebeSercovcwees asee 


Wir iGrookes HRS. .cessccctee 

Prof. E. Ray Lankester, F.R.S. 

W. Boyd Dawkins, 
E.R.S. 

Francis Galton, F.R.S.......... 

Prof. Huxley, Sec. B.S. 


W. Spottiswoode, Pres. B.S. 


Prof. Sir Wm. Thomson, F.R.S. 
Prof. H. N. Moseley, F.R.S. 


The Balloon Ascents made for the 
British Association. 

The Chemical Action of Light. 

Recent Travels in Africa. 


Probabilities as to the position and 
extent of the Coal-measures be- 
neath the red rocks of the Mid- 
land Counties. 


-|The results of Spectrum Analysis 


applied to Heavenly Bodies. 

Insular Floras. 

The Geological Origin of the present _ 
Scenery of Scotland. 

The present state of knowledge re- 
garding Meteors and Meteorites. 

Archeology of the early Buddhist 
Monuments. 

Reverse Chemical Actions. 

Vesuvius. 

The Physical Constitution of the 
Stars and Nebulz. 

The Scientific Use of the Imagination. 

Stream-lines and Waves, in connec- 
tion with Naval Architecture. 

Some recent investigations and ap- 
plications of Explosive Agents. 

The Relation of Primitive to Modern 
Civilization. 

Insect Metamorphosis. 

The Aims and Instruments of Scien- 


tific Thought. 
Coal and Coal Plants. 


Molecules. 

Common Wild Flowers considered 
in relation to Insects. 

The Hypothesis that Animals are 
Automata, and its History. 

The Colours of Polarized Light. 

Railway Safety Appliances. 


. | Force. 


The Challenger Expedition. 

The Physical Phenomena connected 
with the Mines of Cornwall and 
Devon. 

The new Element, Gallium. 

Animal Intelligence. 

Dissociation, or Modern Ideas of 
Chemical Action. 

Radiant Matter. 

Degeneration. 

Primeval Man. 


Mental Imagery. 

The Rise and Progress of Palzon- 
tology. 

The Electric Discharge, its Forms 
and its Functions. 

Tides. 

Pelagic Life. 


LECTURES TO THE OPERATIVE CLASSES. li 


Lectures to the Operative Classes. 


Date and Place Lecturer Subject of Discourse 
1867. Dundee...... Prof. J. Tyndall, LL.D., F.R.S.| Matter and Force. 
1868. Norwich ...|Prof. Huxley, LL.D., F.R.S. |A Piece of Chalk. 
1869. Exeter ...... Prof. Miller, M.D., F.R.S. ...|Experimental illustrations of the 


modes of detecting the Composi- 
tion of the Sun and other Heavenly 


Bodies by the Spectrum. 
1870. Liverpool..,|Sir John Lubbock, Bart.,M.P.,|Savages, 


F.R.S. 


————————— 


1872. Brighton ...| W.Spottiswoode,LL.D.,F.R.S.|}Sunshine, Sea, and Sky. 
Bradford ...|C. W. Siemens, D.C.L., F.R.S.| Fuel. 
Belfast ...... ieagove, Ololbbakes, 1mlasrapacoeoconne The Discovery of Oxygen. 
Bristol ...... Dr. W. B. Carpenter, F.R.S. |A Piece of Limestone. 
Glasgow ...|Commander Cameron, C.B.,|A Journey through Africa. 
R.N. 
ety mouihie,. | Wie Els PTCCCE a; cecs.ceasenasarosie |Telegraphy and the Telephone. 
SHemeld 2.<|/Wie Hs AVrtOn = ...ccse<icssscenct Electricity as a Motive Power. 
Swansea ...|H. Seebohm, F.Z.S. ............, The North-East Passage. 
MOIS . 005032 Prof. Osborne MReynolds,| Raindrops, Hailstones, and Snow- 
E.BS. flakes. 
Southamp- |John Evans, D.C.L. Treas. R.S.| Unwritten History, and how to 
ton. | read it. 


li 


OFFICERS OF SECTIONAL COMMITTEES PRESENT AT THE 
SOUTHAMPTON MEETING. 


SECTION A.—MATHEMATICAL AND PHYSICAL SCIENCE. 
President.—Right Hon. Professor Lord Rayleigh, M.A., F.R.S. 


Vice-Presidents.—G. H. Darwin, M.A., F.R.S.; Professor W. G. Adams, 
M.A., F.R.S.; Dr. Werner Siemens; J. W. L. Glaisher, M.A., F.R.S. ; 
W. Spottiswoode, D.C.L., Pres. R. S.; Professor Cayley, E.R. hie Sir 
W. Thomson, D.C.L., F. R. S. 


Secretaries —W. M. Hicks, M.A.; Professor O. J. Lodge, D.Sc.; D. 
McAlister, M.A., M.B., B.Sc. (Recorder); Rev. G. Richardson, M.A. 


SECTION B.—CHEMICAL SCIENCE. 
President.—Professor G. D. Liveing, M.A., F.R.S. 


Vice-Presidents—F. A. Abel, C.B., F.R.S.; Professor Baumhauer; W. 
Crookes, F.R.S.; Professor J. Crafts ; Professor De Chaumont, F.R.S.; 
J. H. Gladstone, Ph.D., F.R.S.; A. G. Vernon Harcourt, M.A., 
F.R.S.; Dr. Longstaff, F.C.S.;. Professor H. H.. Roseoe, Ph.D., 
LL.D., F.R.S.; W. Weldon, F.R.S.; Professor A. W. Williamson, 
LL.D., F.R.S. 


Secretaries.—Harold B. Dixon, M.A.; Professor P. Phillips Bedson, 
D.Sc. (Recorder). 
SECTION C.—GEOLOGY. 
President.—R. Etheridge, F.R.S. 


Vice-Presidents.—J. Evans, D.C.L., F.R.S.; Professor T. R. Jones, F.R.S.; 
W. Pengelly, F.R.S.; Professor J. Prestwich, M.A., F. 


Secretaries —T. W. Shore, F.G.S.; W. Topley, F. se 8. (Rezo der) ; 
E. Westlake, F.G.S.; W. Whitaker, B.A., F.G.8 
SECTION D.—BIOLOGY. 
President.—Professor A. Gamgee, M.D., F.R.S. 


Vice-Presidents—Professor W. Boyd Dawkins, F.R.S.; Dr. G. E. Dobson, 
F.L.8.; Dr. J. Evans, F.R.S.; Dr. M. Foster, F.R.S.; Sir J. D. Hooker, 
F.R.8.; Professor M. A. Lawson, F.L.S.; Sir J Lubbock, F.R.S.; 


OFFICERS OF SECTIONAL COMMITTEES. lili 


Professor J. D. Macdonald, M.D., F.R.S.; Professor Moseley, F.R.S. ; 
P. L. Sclater, F.R.S.; Dr. Allen Thomson, F.R.S.; Professor Du Bois- 


Reymond. 

Secretaries.—G. W. Bloxam, M.A., F.L.8. (Recorder); George Haslam, 
M.D.; W. Heape; W. Hurst; J. B. Nias, B.A.; Howard Saunders, 
F.L.S. (Recorder); A. Sedgwick, M.A. (Recorder); T. W. Shore, 


jun., B.Sc. 


SECTION E.—GEOGRAPHY. 
President.—Sir R. Temple, Bart., G.C.S.1., F.R.G.S. 


Vice-Presidents—H. W. Bates, F.R.S.; Major-General A. C. Cooke, 
R.E., C.B.; Sir F. J. Evans, K.C.B., F.R.S.; Sir Joseph D. Hooker, 
K.C.8.I., C.B., F.R.S.; Admiral Sir Erasmus Ommanney, C.B., F.R.S. ; 
Colonel Sir Oliver St. John, R.E., K.C.S.1. 


E. G. Ravenstein; E. C. Rye (Recorder). 


Secretaries. 


SECTION F.—ECONOMIC SCIENCE AND STATISTICS. 
President—Right Hon. G. Sclater-Booth, M.P., F.R.S. 


Vice-Presidents—W. E. Darwin; R. H. Inglis Palgrave; the Mayor of 
Southampton; Professor Leone Levi; Hyde Clarke. 


-Secretaries—Professor H. S. Foxwell, M.A.; A. Milnes, M.A.; Con- 
stantine Molloy, M.A. (Recorder); George Baden Powell, M.A. 


SECTION G.—MECHANICAL SCIENCE. 
President.—John Fowler, C.E., F.G.S. 


Vice-Presidents—A. Giles; W.H. Preece, F.R.S.; W.H. Barlow, F.R.S.; 
Sir F. J. Bramwell, F.R.S.; Sir J. Hawkshaw, F.R.S.; Captain 
Douglas Gaiton, C.B., F.R.S.; T. Hawksley, F.R.S.; F. J. Bateman, 
F.R.S.; Sir W. G. Armstrong, C.B., F.R.S. 


Secretaries—A. T. Atchison, M.A.; F. Churton; H. T. Wood, B.A. 
(Recorder). 
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Table showing the Attendance and Receipts 


Date of Meeting Where held Presidents Old Life | New Life 
Members | Members 


1831, Sept. 27 ...] YOrKk ...cesssecseseeeee The Earl Fitzwilliam, D.C.L. 


1832, June 19 ...} Oxford .............0 The Rev. W. Buckland, F’.R.S. 

1833, June 25...) Cambridge ......... The Rey. A. Sedgwick, F.R.S. 

1834, Sept. 8 ...! Edinburgh ......... Sir T. M. Brisbane, D.C.L....... 

1835, Aug. 10...) Dublin ............... The Rev. Provost Lloyd, LL.D. = oo 
11836, Ang. 22 ...) Bristol! ......-..:0<. ..| The Marquis of Lansdowne ... me ote 
1837, Sept. 11 ...| Liverpool ............ The Earl of Burlington, F.R.S if. cas 
1838, Aug. 10 ...| Newcastle-on-Tyne| The Duke of Northumberland i 
1839, Aug. 26 ...| Birmingham......... The Rey. W. Vernon Harcourt 

1840, Sept. 17 ... Glasgow “Peace The Marquis of Breadalbane... oo aes 
1841, July 20...) Plymouth ............ The Rey. W. Whewell, F.R.S. 169 65 
1842, June 23 ...| Manchester ....... ..| The Lord Francis Egerton...... 303 169 
Se PATS Mildiss || OOTIK, cnavasenss cencness The Earl of Rosse, F.R.S....... 109 28 
18445 Sept. 26...) YOrk ........:.00>-on0s The Rev. G. Peacock, D.D. ... 226 150 
1845, June 19...) Cambridge ......... Sir John F. W. Herschel, Bart. 313 36 
1846, Sept. 10 ...} Southampton ...... Sir Roderick I. Murchison, Bart. 241 10 
1847, June 23 ...) Oxford .........-.++5- Sir Robert H. Inglis, Bart....... 314 18 
1848, Aug. 9 ...) Swansea .........00- The Marquis of Northampton 149 3 
1849, Sept. 12 ...| Birmingham......... The Rey. T. R. Robinson, D.D. 227 12 
1850, July 21... Edinburgh feos enae Sir David Brewster, K.H. ...... 235 9 
Tsoi. July 2) <..|\ Upswich --...:.......-- G. B. Airy, Astronomer Royal 172 cS) 
1852, Sept. 1 .<..| Belfast: .2.....c...ss0- Lieut.-General Sabine, F.R.S. 164 10 
So, SCP t-sys || LLORES SS scscenwnees .»-| William Hopkins, F.R.S8........ 141 13 
1854, Sept. 20 ...] Liverpool ............ The Earl of Harrowby, F.R.S. 238 23 
1855, Sept. 12 ...! Glasgow ............ The Duke of Argyll, F.R.S. ... 194 33 
1856, Aug. 6 ...| Cheltenham ......... Prof. C. G. B. Daubeny, M.D. 182 14 
son. Aue 26 s=.|“Dablin 4.52.5 ssacece' The Revy.Humphrey Lloyd, D.D. 236 15 
1858, Sept. 22).,.| Weeds... sto. se-c..8 Richard Owen, M.D., D.C.L.... 222 42 
1859, Sept. 14 ...| Aberdeen ............ H.R.H. the Prince Consort ... 184 27 
SEOs Samer 27) 5..),Oxford) ©. .ss0....0008 The Lord Wrottesley, M.A. ... 286 21 
1861, Sept. 4 .. | Manchester ......... WilliamFairbairn,LL.D.,F.R.S. 321 113 
1862; "Oct. 1 ...:| Cambridge  ......... The Rev. Professor Willis, M.A. 239 15 
1863, Aug. 26 ...| Newcastle-on-Tyne| Sir William G. Armstrong, C.B. 203 36 
NS64, sept. 13 ..2|| Bath) .............0adee Sir Charles Lyell, Bart., M.A. 287 40 
1865, Sept. 6 ...| Birmingham......... Prof. J. Phillips, M.A., LL.D. 292 44 
1866, Aug. 22 ...| Nottingham......... William R. Grove, Q.C., F.R.S. 207 31 
USGS piste ses| WWUNGEE..c..c-- cso The Duke of Buccleuch, K.C.B. 167 25 
1868, Aug. 19...) Norwich ............ Dr. Joseph D. Hooker, F.R.S. 196 18 
ILSGO),-Aue. Bisse] pHXCHED) -.<0+-.s ates Prof. G. G. Stokes, D.C.L....... 204 21 
1870, Sept. 14 ...| Liverpool ............ Prot. fo. uxey, GDh 314 39 
1871, Aug. 2 ...| Hdinburgh ......... Prof. Sir W. Thomson, LL.D. 246 28 
S72) Aug. V4. Brighton! ty..c.-.-.. Dr. W. B. Carpenter, F'.R.S.... 245 36 
Loe, ep. 17 ..a|bradtond Wade. cece. Prof. A. W. Williamson, F.R.S. 212 27 
plism4s Avis. 19)..3|"BElASE cesdcesscrsenee Prof. J. Tyndall, LL.D., F.R.S. 162 13 
Si ATO: 26 s<2.| IBLISHOL ceeareeeesnecs SirJohn Hawkshaw,C. E. F.R.S 239 36 
1876, Sept. 6 ...| Glasgow ............ Prof. T. Andrews, M.D., F.R.S. 221 35 
USiiv, Aug. 15 \...| Plymouth <.:;-...sces Prof. A. Thomson, M.D., F.R.S. 173 19 
Sie, Aue. 14...) Dubline.ts.sscs ....| W. Spottiswoode, M.A., F.R.S. 201 18 
Isc, Aug. 20) ...| Sheffield .....ccs.cu. Prof.G. J. Allman, M.D., F.R.S. 184 16 
1880, Aug..25 ...] Swamsea ........00.. A. ©. Ramsay, LL.D., F.R.S.... 144 11 
1SSi5 Aug. 31: .3| YOK <i.scktscnesses .| Sir John Lubbock, Bart. , FR. S 272 28 


11882, Aug. 23 ... 


Southampton ...... (2 C. W. Siemens, F.R. S. : 178 ibe 


ATTENDANCE AND RECEIPTS AT ANNUAL MEETINGS. ly 


Sums paid on 


e eee =a ae of 
ew r rants for year 
Annual gee Ladies a Total es as the Scientific 
|Members| Members| ©'°S Sonar a Purposes 
£ 28rd, Se So. 
BOG IG csccce se oueh le ae eaca dues 1831 
Prarie. «| gecgh eeacee 1832 
OOO: wy lie saa Santen oe | Be dnewsusees se 1833 
WONG Mellel sesccsace 20 O O} 1834 
be As =. bp iat | hamster 167 O O} 1835 
ES5O Ff wetewceses 435 O 0 | 1836 
S40. es bs Foxae ss 922 12 6] 1837 
1100* ZAOOL Mt. t.ceaseesi 932° 2 2 |. 1838 
‘ 34 AS Sh ale | scene ts 1595 11 O |} 18859 
HE 40 US piel Rae ech 1546 16° 4 | 1840 
317 60* fy SOL My SSeS 1235 10 11 |} 1841 
376 33T salt 28 WOLD. ob lsat dees 1449 17 8 | 1842 
185 160 Se mi ee. A gested 1565 10 2 | 1843 
190 oF 260 Bee ibe wd backs DAL, Beadeeee 981 12 8 | 1844 
22 407 172 35 1079 831 9 9 | 1845 
39 270 196 36 857 685 16 O |} 1846 
40 495 203 53 MS2O0M 1 Bescdeses 208 5 41 1847 
25 376 197 15 819 70700] 275 1 8 | 1848 
33 447 237 22 1071 963 0 0 159 19 6 | 1849 
42 510 273 44 1241 1085 0 0 345 18 0 |} 1850 
47 244 141 37 710 620 0 0 391 9 7 | 4851 
60 510 292 9 1108 1085 0 0 304 6 7 | 1852 
57 367 236 6 876 903 0 0 205 0 0} 1853 
121 765 524 10 1802 1882 0 0 380 19 7 | 1854 
101 1094 543 26 2133 2311 0 0 480 16 4 | 1855 
48 412 346 9 1115 1098 0 0 734 13 9 | 1856 
120 900 569 26 2022 201500] 50715 4 | 1857 
91 710 509 13 1698 1931 00] 618 18 2] 1858 
179 1206 821 22 2564 2782 0 0 684 11 1 | 1859 
59 636 463 47 1689 1604 0 0 766 19 6 | 1860 
125 1589 791 15 3138 3944 0 0]1111 5 10} 1861 
57 433 242 25 1161 1089 0 0 | 1293 16 6 | 1862 
209 1704 1004 25 3335 3640 0 0 | 1608 38 10 | 1863 
103 1119 1058 13 2802 2965 00] 1289 15 § | 1864 
149 766 508 23 1997 2227 0 0} 1591 7. 10'| 1865 
105 960 771 11 2303 2469 0 0] 1750 13 4 | 1866 
118 1163 771 i 2444 2613 00/1739 4 O | 1867 
117 720 682 45t 2004 2042 0 0 | 1940 O O |] 1868 
107 678 600 17 1856 1931 0 0} 1622 0 O| 1869 
195 1103 910 14 2878 3096 0 0} 1572 O O |} 1870 
127 976 Vipys 21 2463 2575 00] 1472 2 61] 1871 
80 937 912 43 2533 2649 00} 1285 O O| 1872 
99 796 601 11 1983 2120 0 0 |.1685 O O| 1873 
85 817 630 12 1951 1979 0 0 | 1151 16 O} 1874 
93 884 672 17 2248 2397 00] 960 O O| 1875 
185 1265 712 25 2774 3023 00 | 1092 4 2 | 1876 
59 446 283 ful 1229 1268 00| 1128 9 7 | 1877 
93 1285 674 17 2578 2615 0 0 725 16 6 | 1878 
74 529 349 13 1404 1425 0 0 | 1080 11 11 | 1879 
41 389 147 12 915 899 0 0 T3Le Te | L880 
176 1230 514 24 t 2557 2689 0 0 476 3 11} 1881 
iia 516 189 21 1253 1286 0 0} 1126 1 11 | 1882 


* Ladies were not admitted by purchased Tickets until 1843. 
¢ Tickets of Admission to Sections only. $ Including Ladies. 
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OFFICERS AND COUNCIL, 1882-83. 


PRESIDENT. 
C. W. SIEMENS, Esq., D.C.L., LL.D., F.R.S., F.C.S., M.1.C.E. 


VICE-PRESIDENTS. 


The Right Hon. the Lord MountT-TEMPLE. Major-General A. C. Cooke, R.E., C.B., F.R.G.S., 
Captain Sir F. J. Evans, K.C.B., F.R.S., F.R.A.S., Director-General of the Ordnance Survey. 
F.R.G.S., Hydrographer to the Admiralty. WyYNDHAM S. PortTAL, Esq. 


F, A. ABEL, Esq., C.B., F.R.S., V.P.C.S., Director of | Professor PRESTWICH, M.A., F.R.S., F.G.S., F.C.S. 
the Chemical Establishment of the War Depart- | PHmtie Louriey ScLarer, Esq. M,A., Ph. D., 
ment. F.RB.S., F.L.S., F.G.S. 

Professor DE CHAUMONT, M.D., I’.R.S. 

PRESIDENT ELECT. 

ARTHUR CAYLEY, Esq., LL.D., F.R.S., V.P.R.A.S., Sadlerian Professor of Mathematics in the University 

of Cambridge. 


VICE-PRESIDENTS ELECT. 


The Right Hon. the Eant or Denby, M.A., LL.D., F.R.S., F.R.G.S. 
The Right Hon. the EARL OF CRAWFORD AND BALcarres, LL.D., F.R.S., F.R.A.S. 


The Right Hon. the HArt or LarHom., 
Professor J. G. GREENWOOD, LL.D. 
Professor H. E. Roscor, B.A., Ph.D., LL.D., F.R.S., F.C.S. 
Professor H. J. S. SmirH, M.A., LL.D., I.R.S., F.R.A.S., F.C.S. 
LOCAL SECRETARIES FOR THE MEETING AT SOUTHPORT. 
J H. Ectis, Esq. Dr. VERNON. T. W. WILMSs, Esq. 
LOCAL TREASURER FOR THE MEETING AT SOUTHPORT. 
The MAyor OF SOUTHPORT. 
ORDINARY MEMBERS OF THE COUNCIL. 


ApAms, Professor W. G, F.R.S. Hrywoop, J., Esq., F.R.S. 

BateMAN, J. F., Esq., C.E., F.R.S. Hueeuns, W., Esq., F.R.S. 

CAYLEY, Professor, I’.R.5. HuGHES, Professor T. McK., F.G.S, 
Danrwiy, F., Esq., F.R.S. JEFFREYS, Dr. J. GWYN, F.R.S. 
Dawk1ys, Professor W. Boyn, F.R.S. PENGELLY, W., Esq., F.R.S. 

DE LA Ruer, WARREN, Esq., F.R.S. PERKIN, W. H., Esq., F.R.S. 

Evans, Captain Sir F. J., K.C.B., F.R.S. PRESTWICH, Professor, F.R.S. 

FLOWER, Professor W. H., F.R.S. RAYLEIGH, Lord, F.R.S. 

GLADSTONE, Dr. J. H., F.R.S. SANDERSON, Prof. J. S. BURDON, F.R.S. 
GuaAisHER, J. W. L., Esq., F.R.S. Sm1vH, Professor H. J. 8., F.R.S. 
Harcourt, A. G. VERNON, Esq., I.R.S. Sorby, Dr. H. C., F.R.S. 

Hastrines, G. W., Esq., M.P. THUILLIER, Gen. Sir H. E. L., C.S.1., F.R.S. 


HawksHAw, J. CLAKKE, Esq., F.G.S. 
GENERAL SECRETARIES. 
Capt. Doucnas GALTon, C.B., D.C.L., F.R.S., F.G.S., 12 Chester Street, Grosvenor Place, London, 8.W. 
A. G. Vernon Harcourt, Esq., M.A., F.R.S., F.C.S., Cowley Grange, Oxford. (Nominated by the 
Council.) 
SECRETARY. 
Professor T. G. Bonney, M.A., F.R.S., F.S.A., F.G.S., 22 Albemarle Street, London, W. 


GENERAL TREASURER, 
Professor A. W. WILLIAMSON, Ph.D., LL.D., F.R.S., F.C.S., University College, London, W.C. 


EX-OFFICIO MEMBERS OF THE COUNCIL. 
The Trustees, the President and President Elect, the Presidents of former years, the Vice-Presidents and 
Vice-Presidents Elect, the General and Assistant General Secretaries for the present and former years, 
the Secretary, the General Treasurers for the present and former years, and the Local Treasuier and 
Secretaries for the ensuing Meeting. ‘ 
TRUSTEES (PERMANENT). 

General Sir Epwarp SABIN®, K.C.B., R.A., D.C.L., F.R.S. 

Sir Jonn Lupsock, Bart., M.P., D.C.L., LL.D., F.R.S., Pres. L.S. 

WILLIAM SPuTTISWOODE, Esq., M.A., D.C.L., LL.D., Pres. R.S. 


PRESIDENTS OF FORMER YEARS. 
The Duke of Devonshire, K.G. Sir Joseph D. Hooker, K.C.S.I. Dr. T. Andrews, F.R.S. 


Sir G. B. Airy, K.C.B., F.R.S, Prof. Stokes, D.C.L., Sec. R.s. Dr. Allen Thomson, F.R.S8. 
General Sir H. Sabine, K.C.B. Prof, Huxley, LL.D., F.R.8. W. Spottiswoode, Esq., Pres. R.S. 
The Duke of Argyll, K.T. | Prof. Sir Wm. Thomson, D.C.L. Prof. Allman, M.D., F.R.S. 
Dr. Richard Owen, U.B., F.R.S. | Dr. Carpenter, C.B., F.R.S. Sir A. C. Ramsay, LL.D., F.R.S. 
Sir W. G. Armstrong, C.B., LL.D.) Prof. Williamson, Ph.D., F.R.S. Sir John Lubbock, Bart., F.R.S. 
Sir William R. Grove, F.R.S. | Prof. Tyndall, D.C.L., F.R.s. 
The Duke of Buccleuch, K.G, | Sir John Hawkshaw, C.E., F.R.S. 

GENERAL OFFICERS OF FORMER YEARS. 
F. Galton, Esq., F.R.S. | W. Spottiswoode, Esq., Pres. R.S. | G. Griffith, Esq., M.A., F.C.S. 
Dr. T. A. Hirst, F.R.S. Dr. Michael Foster, Sec. R.s. P. L. Sclater, Esq., F.R.S. 
Gen. Sir E. Sabine, K.C.B., F.R.S. 


AUDITORS. 
Dr. W. J. Russell, F.R.S. | Professor G. C. Foster, F.R.S. | G. Griffith, Esq., M.A., F.C.S. 
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REPORT OF THE COUNCIL. 


Report of the Council for the year 1881-82, presented to the General 
Commatiee at Southampton, on Wednesday, August 23, 1882. 


The Council have received reports during the past year from the 
General Treasurer, and his account for the year will be laid before the 
General Committee this day. 

Since the meeting at York the following have been elected Corre- 


sponding Members of the Association :— 
Barker, Professor G. F. Johnson, Professor W. W. 
Cooke, Professor J. P. Marsh, Professor O. C. 
Eads, Captain J. B. Rowland, Professor H. A. 
Gariel, M. Stephanos, M. 
Halphen, M. Sturm, Professor. 
Hall, Dr. E. H. Whitney, Professor H. M. 


Hubrecht, Dr. A. A. W. 


It is with the deepest regret that the Council announce the untimely 
death of Professor F. M. Balfour, F.R.S., so lately appointed a General 
Secretary. In him science has lost a student of rare genius and un- 
wearied industry, the Association one who would have served it well and 
ably. 

ia respect of the Resolution referred by the General Committee :— 
‘That the Council be requested to consider the number and position of 
delegates from Scientific Societies, and the regulations which should 
be adopted for governing their relations to the Association,’ the Council 
beg leave to make the following recommendations to the General Com- 
mittee :—(1) The omission in the rules (General Committee, Class B 
Temporary Members § 1) of the words ‘and the Secretary of such 
Society’ which follow the words ‘or, in his absence, a delegate repre- 
senting him.’ (2) The appointment of a Committee in order to draw up 
suggestions upon methods of more systematic observation and plans of 
operation for local societies, together with a more uniform mode of pub- 
lication of the results of their work. It*is recommended that this Com- 
mittee should draw up a list of local societies which publish their 
proceedings. 

Upon the resolution of the General Committee requesting the Council 
to consider how far it may be expedient to take steps to ascertain the 
feeling of foreign Scientific Associations as to the advisability of holding 
an International Scientific Congress, the Council have to report that 
while recognising the difficulties which will attend the endeavour they 
recommend that steps be taken to ascertain the feeling of foreign 
Scientific Associations, similar in character to the British Association, 
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upon this question, and they request authority to make the necessary 
communications to foreign Societies. 

In regard to the resolution of the General Committee empowering the 
Council to confer with the Royal Geographical Society on the subject of 
the Exploration of the Snowy Mountain Range of Hastern Equatorial 
Africa, and to contribute the sum of 100/. towards the expenses of an 
expedition, the Council have been informed by the Council of the Royal 
Geographical Society, in a letter dated June 26, that they have decided 
upon undertaking the expedition, and have secured the services of the 
well-known and experienced explorer, Mr. Thomson; the Treasurer has 
accordingly paid the above-named contribution. 

An invitation to visit Canada in 1883, warmly supported by the 
Governor-General, His Excellency the Marquis of Lorne, was received at 
the end of last year, but the Council were obliged to reply that the vote 
of the General Committee at York accepting the invitation to Oxford 
precluded them from entertaining the question for that year. With 
reference, however, to the Meeting for 1883, the Council regret to inform 
the General Committee that unforeseen difficulties have recently obliged 
their intended hosts at Oxford to express a desire that the proposed visit 
of the Association should be for a time postponed. Under these circum- 
stances Southport and Birmingham have renewed their invitation for 
1883, and invitations for 1884 have been received from Birmingham, 
Southport, Aberdeen, and Nottingham. 

The Council propose that, in accordance with the regulations, the five 
retiring members shall be the following :— 


Mr. Abel. Professor Newton. 
Mr. J. Evans. General Pitt-Rivers. 
Professor G. C. Foster. 


The Council recommend the re-election of the other ordinary members 
of the Council, with the addition of those whose names are distinguished 
by an asterisk in the following list :— 


Adams, Professor W. G., F.R.S. Heywood, J., Esq., F.R.S. 
Bateman, J. F., Esq., C.H., F.R.S. | Huggins, W., Esq., F.R.S. 


' Cayley, Professor, F.R.S. Hughes, Professor T. McK., F.G.S. 
*Darwin, F., Esq., F.R.S. Jeffreys, Dr. J. Gwyn, F.R.S. 
*Dawkins, Professor W. Boyd,| Pengelly, W., Esq., F.R.S. 

FE.RS. Perkin, W. H., Hsq., F.R.S. 


De la Rue, Warren, Esq., F.R.S. Prestwich, Professor J., F.R.S. 
Evans, Captain Sir F. J., K.C.B.,| Rayleigh, Lord, F.R.S. 


E.R.S. Sanderson, Professor J. S. Burdon, 
*Flower, Professor W, H., F.R.S. FE.R.S. 
*Gladstone, Dr. J. H., F. R. Ss. *Smith, Professor H. J. S., F.R.S. 


Glaisher; I W. iL. , Esq., F.R.S. Sorby, Dr. H. C., F.R.S. 
Harcourt, A. G.Vernon, Esq., F.R.S.| Thuillier, General Sir H. HE. L., 
Hastings, Go Wis Esq., MP. C.S.L., F.R.S. 

Hawkshaw, J. Clarke, Esq., F.G.S. 
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REGOMMENDATIONS ADOPTED BY THE GENERAL COMMITTEE AT THE 
Sournampron Meetine in Avuaust 1882. 


[When Committees are appointed, the Member first named is regarded as the 
Secretary, except there is a specific nomination. ] 


Involving Grants of Money. 

That Professor Crum Brown, Mr. Milne-Home, Mr. John Murray, and 
Mr. Buchan be a Committee for the purpose of co-operating with the 
Scotiish Meteorological Society in making meteorological observations on 
Ben Nevis; that Professor Crum Brown be the Secretary, and that the 
sum of 50/. be placed at their disposal for the purpose. 

That Mr. Robert H. Scott, Mr. J. Norman Lockyer, Professor H. J. 
8. Smith, Professor G. G. Stokes, Professor Balfour Stewart, and Mr. 
G. J. Symons be reappointed a Committee for the purpose of co- 
operating with the Meteorological Society of the Mauritius in their 
proposed publication of Daily Synoptic Charts of the Indian Ocean from 
the year 1861; that Mr. R. H. Scott be the Secretary, and that the un- 
expended sum of 501. be again placed at their disposal for the purpose. 

That Mr. G. H. Darwin and Professor J. C. Adams be a Committee 
for the Harmonic Analysis of Tidal Observations; that Mr. Darwin be 
the Secretary, and that the sum of 501. be placed at their disposal for 
the purpose. 

That Professors W. A. Tilden and H. E. Armstrong be a Committee 
for the purpose of investigating Isomeric Naphthalene Derivatives; that 
Professor H. H. Armstrong be the Secretary, and that the sum of 151. be 
placed at their disposal for the purpose. 

That Professors Odling, Huntington, and Hartley be a Committee for 
the purpose of investigating by means of Photography the Ultra-Violet 
Spark-Spectra emitted by Metallic Elements and their combinations 
under varying conditions ; that Professor W. N. Hartley be the Secretary, 
and that the sum of 201. be placed at their disposal for the purpose. 

That Mr. R. Etheridge, Mr. Thomas Gray, and Professor John Milne 
be a Committee for the purpose of investigating the Earthquake Phe- 
nomena of Japan; that Professor J. Milne be the Secretary, and that the 
sum of 501. be placed at their disposal for the purpose. 

That Professor W. C. Williamson, Mr. Thos. Hick, and Mr. W. 
Cash be a Committee for the purpose of investigating the Fossil Plants 
of Halifax; that Mr. W. Cash be the Secretary, and that the sum of 201. 
be placed at their disposal for the purpose. 

That Dr. H. C. Sorby and Mr. G. R. Vine be a Committee for the 
purpose of reporting on the British Fossil Polyzoa; that Mr. Vine be 
the Secretary, and that the sum of 10/. be placed at their disposal for the 
purpose. 

That Mr. R. Etheridge, Dr. H. Woodward, and Professor T. R. Jones 
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be a Committee for the purpose of reporting on the Fossil Phyllopoda of 
the Paleozoic Rocks; that Professor T. R. Jones be the Secretary, and 
that the sum of 25/. be placed at their disposal for the purpose. 

That Sir John Hawkshaw, and Messrs. R. B. Grantham, J. B. Red- 
man, J. W. Woodall, W. Whitaker, W. Topley, and C. E. De Rance be a 
Committee for the purpose of inquiring into the rate of Erosion of the 
Sea-coasts of England and Wales, and the influence of the Artificial 
abstraction of shingle and other material in that action; that Messrs. 
W. Topley and C. E. De Rance be the Secretaries, and that the sum of 
101. be placed at their disposal for the purpose. 

That Professor H. Hull, the Rey. H. W. Crosskey, Captain Donglas 
Galton, Professors G. A. Lebour and J. Prestwich, and Messrs. James 
Glaisher, E. B. Marten, W. Molyneux, G. H. Morton, James Parker, W. 
Pengelly, James Plant, I. Roberts, Fox Strangways, T. S. Stooke, G. J. 
Symons, W. Topley, Tylden-Wright, E. Wethered, W. Whitaker, and 
C. E. De Rance be a Committee for the purpose of investigating the 
Circulation of the Underground Waters in the Permeable Formations of 
England, and the Quality and Quantity of the Waters supplied to various 
towns and districts from these formations; that Mr. C. E. De Rance be 
the Secretary, and that the sum of 15/. be placed at their disposal for 
the purpose. 

That Dr. J. Evans, Professor J. F. Blake, and Messrs. W. Carruthers, 
F. Drew, F. W. Rudler, E. B. Tawney, W. Topley, E. Wethered, and W. 
Whitaker be a Committee for the purpose of carrying on the Geological 
Record ; that Mr. Whitaker be the Secretary, and that the sum of 50/. be 
placed at their disposal for the purpose. 

That Professor V. Ball, Professor W. Boyd Dawkins, Dr. J. Evans, 
Mr. G. H. Kinahan, and Mr. R. J. Ussher be a Committee for the pur- 
pose of carrying out Explorations in Caves in the Carboniferous Lime- 
stone of the South of Ireland; that Mr. R. J. Ussher be the Secretary, 
and that the sum of 201. be placed at their disposal for the purpose. 

That Mr. R. Etheridge and Mr. Walter Keeping be a Committee for 
the purpose of reporting on the Llandovery Rocks of Central Wales; 
that Mr. W. Keeping be the Secretary, and that the sum of 101. be placed 
at their disposal for the purpose. . 

That General Pitt-Rivers, Professor Flower, Dr. Beddoe, Mr. Brabrook, 
Mr. F. Galton, Mr. J. Park Harrison, Dr. Muirhead, Mr. F. W. Rudler, 
and Mr. Charles Roberts be a Committee for the purpose of defining the 
Facial Characteristics of the Races and Principal Crosses in the British 
Isles, and obtaining illustrative Photographs with a view to their pub- 
lication ; that Mr. J. Park Harrison be the Secretary, and that the sum 
of 101. be placed at their disposal for the purpose. 

That Mr. Stainton, Sir John Lubbock, and Mr. E. C. Rye be reappointed 
a Committee for the purpose of continuing a Record of Zoological Litera- 
ture; that Mr. Stainton be the Secretary, and that the sum of 100d. be 
placed at their disposal for the purpose. 

That Mr. J. Cordeaux, Mr. J. A. Harvie Brown, Professor Newton, 
Mr. R. M. Barrington, Mr. A. G. More, Mr. J. Hardy, and Mr. P. Kermode 
be a Committee for the purpose of obtaining (with the consent of the 
Master and Elder Brethren of the Trinity House and of the Commis. 
sioners of Northern Lights) observations on the Migration of Birds at 
Lighthouses and Lightships, and of reporting upon the same at the 
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meeting of 1883; that Mr. J. Cordeaux be the Secretary, and that the sum 
of 201. be placed at their disposal for the purpose. 

That Professor Ray Lankester, Professor Newton, Professor Huxley, 
Mr. P. L. Sclater, Professor Allman, Dr. M. Foster, Mr. A. Sedgwick, 
and Mr. Percy Sladen be a Committee for the purpose of arranging 
for the Occupation of a Table at the Zoological Station at Naples ; 
that Mr. Percy Sladen be the Secretary, and that the sum of 801. be 
placed at their disposal for the purpose. 

That Dr. Pye-Smith, Dr. M. Foster, Professor Huxley, Dr. Carpenter, 
Dr. Gwyn Jeffreys, Professor Lankester, Professor Allman, and Mr. 
Percy Sladen be a Committee for the purpose of aiding in the mainte- 
nance of the Scottish Zoological Station; that Mr. Percy Sladen be the 
Secretary, and that the sum of 25/. be placed at their disposal for the 
purpose. 

That Dr. Pye-Smith, Professor de Chaumont, Dr. M. Foster, and 
Dr. Burdon Sanderson be reappointed a Committee for the purpose of 
investigating the Influence of Bodily Exercise on the Elimination of 
Nitrogen (the experiments to be conducted by Mr. North); that Dr. 
Burdon Sanderson be the Secretary, and that the sum of 30/. be placed 
at their disposal for the purpose. 

That Sir Joseph Hooker, Dr. Giinther, Mr. Howard Saunders, and 
Mr. P. L. Sclater be a Committee for the purpose of exploring Kilimand- 
jaro and the adjoining mountains of Hastern Hquatorial Africa ; that Mr. 
P. L. Sclater be the Secretary, and that the sum of 500I. be placed at 
their disposal for the purpose. 

That Mr. Raphael Meldola, General Pitt-Rivers, Mr. Worthington G. 
Smith, and Mr. William Cole be a Committee for the purpose of investi- 
gating the Ancient Earthwork in Epping Forest known as the Loughton 
Camp ; that Mr. William Cole be the Secretary, and that the sum of 101. 
be placed at their disposal for the purpose. 

That Mr. Sclater, Mr. Howard Saunders, and Mr. W. Thiselton-Dyer 
be reappointed a Committee for the purpose of investigating the Natural 
History of Timor-laut; that Mr. W. Thiselton Dyer be the Secretary, 
and that the sum of 501. be placed at their disposal for the purpose. 

That Sir F. J. Bramwell, Mr. James Glaisher, Mr. C. W. Merrifield, 
Captain D. Galton, Professor W. C. Unwin, Mr. T. Hawksley, Major 
A. Cunningham, Mr. A. G. Greenhill, and Mr. A. T. Atchison be 
a Committee for the purpose of ascertaining by experiments and 
observations the relation between the pressure at different points of 
a surface on which water or air impinges and the velocity of the fluid, 
especially in the case of large actual structures, and thus to throw light 
upon some of the points on which information is much required, as 
stated in the report of the Committee on Wind Pressure ; that Mr. Arthur 
T. Atchison be the Secretary, and that the sum of 251. be placed at their 
disposal for the purpose. 

That Sir Joseph Whitworth, Dr. Siemens, Sir F. J. Bramwell, Mr. 
A. Stroh, Mr. Beck, Mr. W. H. Preece, Mr. E. Crompton, Mr. EH. Rigg, 
Mr. A. Le Neve Foster, Mr. Latimer Clark, Mr. H. Trueman Wood, 
Mr. Buckney, and Sir William Thomson be a Committee for the purpose 
of determining a Gauge for the manufacture of the various small Screws 
used in Telegraphic and Electrical Apparatus, in Clockwork, and for 
other analogous purposes; that Mr. H. Trueman Wood be the Secretary, 
and that the sum of 20]. be placed at their disposal for the purpose. 
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That Professor G. Carey Foster, Sir William Thomson, Professor 
Ayrton, Professor J. Perry, Professor W. G. Adams, Lord Rayleigh, 
Professor Jenkin, Dr. O. J. Lodge, Dr. John Hopkinson, Dr. A. Muir- 
head, Mr. W. H. Preece, Mr. Herbert Taylor, Professor Everett, and 
Professor Schuster be reappointed a Committee for the purpose of con- 
structing and issuing practical Standards for use in Electrical Measure- 
ments, with the addition of the names of Dr. C. W. Siemens, Dr. J. A. 
Fleming, Professor G. F. Fitzgerald, Mr. R. T. Glazebrook, and Professor 
Chrystal; and that Dr. Muirhead be the Secretary. 

That Professor Sylvester, Professor Cayley, and Professor Salmon 
' be reappointed a Committee for the purpose of Calculating Tables of 
the Fundamental Invariants of Algebraic Forms; and that Professor 
Sylvester be the Secretary. 

That Professor Schuster, Sir William Thomson, Professor H. E. 
Roscoe, Professor A. 8. Herschel, Captain W. de W. Abney, Mr. R. H. 
Seott, and Dr. J. H. Gladstone be reappointed a Committee for the purpose 
of investigating the practicability of collecting and identifying Meteoric 
Dust, and of considering the question of undertaking regular observa- 
tions in various localities ; and that Professor Schuster be the Secretary. 

That Mr. Spottiswoode, Professor Stokes, Professor Cayley, Professor 
Smith, Sir William Thomson, Professor Henrici, Lord Rayleigh, and 
Mr. J. W. L. Glaisher be reappointed a Committee on Mathematical 
Notation and Printing; and that Mr. J. W. lL. Glaisher be the Sec- 
retary. 

That Professor Cayley, Professor Stokes, Professor H. J. S. Smith, 
Sir William Thomson, Mr. James Glaisher, and Mr. J. W. L. Glaisher 
be reappointed a Committee on Mathematical Tables; and that Mr. 
J. W. L. Glaisher be the Secretary. 

That Captain Abney, Professor W. G. Adams, Professor G. C. Foster, 
Lord Rayleigh, Mr. Preece, Professor Schuster, Professor Dewar, Pro- 
fessor Vernon Harcourt, and Professor Ayrton be reappointed a Com- 
mittee for the purpose of fixing a Standard of White Light; and that 
Captain Abney be the Secretary. 

. That Captain Abney, Professor Stokes, and Professor Schuster be a 
Committee for the purpose of determining the best experimental methods 
that can be used in observing total Solar Hclipses; and that Professor 
Schuster be the Secretary. 

That Professor Roscoe, Mr. Lockyer, Professor Dewar, Professor 
Liveing, Professor Schuster, Captain Abney, and Dr. Marshall Watts be 
reappointed a Committee for the purpose of preparing a new series of 
Wave-lengths Tables of the Spectra of the Elements; and that Dr. 
Marshall Watts be the Secretary. 

That Professors Williamson, Frankland, Roscoe, Crum Brown, and 
Odling, and Messrs. J. Millar Thomson, V. H. Veley, and H. B. Dixon 
be a Committee for the purpose of drawing up a statement of the 
varieties of Chemical Names which have come into use, for indicating 
the causes which have led to their adoption, and for considering what can 
be done to bring about some convergence of the views on Chemical 
Nomenclature obtaining among English and foreign chemists; and that 
Mr. H. B. Dixon be the Secretary. 

That Professors Dewar and A. W. Williamson, Dr. Marshall Watts, 
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Captain Abney, Mr. Stoney, and Professors W. N. Hartley, McLeod, 
Carey Foster, A. K. Huntington, Emerson Reynolds, Reinold, Liveing, 
Lord Rayleigh, Schuster, and W. Chandler Roberts be a Committee for 
the purpose of reporting upon the present state of our knowledge of 
Spectrum Analysis; and that Professor W. Chandler Roberts be the 
Secretary. 

That Professors F. A. Abel, A. K. Huntington, McLeod, Chandler 
Roberts, W. G. Adams, and Tilden and Mr. F. J. Bateman be a Com- 
mittee for the purpose of collecting and arranging in a suitable form for 
reference the already published hterature on the subject of Metallic 
Alloys; and that Professor A. K. Huntington be the Secretary. 

That Professors J. Prestwich, V. Ball, J. W. Judd, and W. J. Sollas 
and Messrs. W. T. Blanford and W. Topley be a Committee for the pur- 
pose of inquiring into the possibility of securing the co-operation of 
foreign geologists in obtaining an International Geological Record; and 
that Professor W. J. Sollas be the Secretary. 

That Professors J. Prestwich, W. Boyd Dawkins, T. McK. Hughes, 
and T. G. Bonney, the Rev. H. W. Crosskey, Dr. Deane, and Messrs. C. EH. 
De Rance, H. G. Fordham, J. E. Lee, D. Mackintosh, W. Pengelly, J. 
Plant, and R. H. Tiddeman be a Committee for the purpose of recording 
the position, height above the sea, lithological characters, size, and 
origin of the Erratic Blocks of England, Wales, and Ireland, reporting 
other matters of interest connected with the same, and taking measures 
for their preservation; and that the Rev. H. W. Crosskey be the Secretary. 

That Lieut.-Colonel H. H. Godwin-Austen, Dr. G. Hartlaub, Sir 
J. Hooker, Dr. Giinther, Mr. Seebohm, and Mr. Sclater be reappointed a 
Committee for the purpose of investigating the Natural History of 
Socotra, and the adjacent Highlands of Arabia and Somali-land; and 
that Mr. Sclater be the Secretary. 

That the Committee for promoting the Survey of Eastern Palestine, 
consisting of Mr. James Glaisher (Secretary), the Rev. Canon Tristram, 
and the Rev. F. Lawrence, be reappointed. 

That Mr. James Heywood, Mr. William Shaen, Mr. Stephen Bourne, 
Mr. Robert Wilkinson, the Rev. W. Delany, Professor N. Story Maske- 
lyne, Dr. Silvanus P. Thompson, Miss Lydia H. Becker, Sir John 
Lubbock, Professor A. W. Williamson, Mrs. Augusta Webster, the Rey. 
H. W. Crosskey, Professor Roscoe, Professor G. Carey Foster, and Dr. J. 
H. Gladstone (Secretary) be reappointed a Committee for the purpose 
of reporting on, the workings of the Education Code and of other 
legislation affecting the Teaching of Science in Elemeutary Schools. 

That Mr. F. Galton, Dr. Beddoe, Mr. Brabrook (Secretary and 
Rezporter), Major-General Pitt-Rivers, Mr. Frank Fellows, Mr. J. P. 
Harrison, Mr. J. Heywood, Professor Leone Levi, Dr. F. A. Mahomed, 
Sir Rawson Rawson, Mr. J. E. Price, and Mr. C. Roberts be a Committee 
for the purpose of carrying out the recommendations of the Anthropo- 
metric Committee of last year and the more complete discussion of 
the collected facts. 

That Sir Frederick Bramwell, Dr. A. W. Williamson, Professor 
Sir William Thomson, Mr. St. John Vincent Day, Dr. C. W. Siemens, 
Mr. C. W. Merrifield, Dr. Neilson Hancock, Mr. Abel, Captain Douglas 
Galton, Mr. Newmarch, Mr. E. H. Carbutt, Mr, Macrory, Mr. H. 
Trueman Wood, Mr. W. H. Barlow, and Mr. A. T. Atchison be re- 
appointed a Committee for the purpose of watching and reporting to 
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the Council on Patent Legislation ; and that Sir Frederick Bramwell be 
the Secretary. 

That Sir William Thomson, Dr. C. W. Siemens, Mr. W. H. Barlow, 
Dr. A. W. Williamson, Mr. W. H. Preece, and Mr. J. M. Thomson be a 
Committee for the purpose of promoting arrangements for facilitating the 
use of Weights and Measures in accordance with the permissive clauses 
of the Weights and Measures Act, 1878; and that Mr. J. M. Thomson be 
the Secretary. 


Communications ordered to be printed in exterso in the Annual Report of 
the Association. 


Professor J. M. Crafts’ paper, ‘On the Boiling Points and Tension of 
Vapour of a number of Organic Substances determined with the Air- 
Thermometer.’ 

Mr. G. H. Darwin’s paper, ‘On a Misprint in the Tidal Report for 
1872.’ 

Mr. W. Whitaker’s ‘ List of Works on the Geology and Paleontology 
of Oxfordshire, Berkshire, and Buckinghamshire.’ 

Colonel Yule’s paper, ‘On the Oldest Records of the Sea Route to 
China from Western Asia.’ 

M. Pierre de Tchihatchef’s paper, ‘On the Deserts of Africa and 
Asia.’ 

Professor Leone Levi’s paper, ‘On the State of Crime in England, 
Scotland, and Ireland in 1880,’ with accompanying diagrams and shaded 
map. 

Sir W. G. Armstrong’s paper, ‘On the Treatment of Steel for the 
Construction of Ordnance, and other purposes.’ 

Mr. J. Clarke Hawkshaw’s paper, ‘On the Channel Tunnel,’ with the 
necessary plans. 

Mr. Baker’s paper, ‘On the Forth Bridge,’ with the necessary cuts. 


Resolutions referred to the Council for Consideration, and Action if 
desirable. 


That the Council be empowered to take steps for amalgamating the 
Departments of Zoology and Botany and of Anatomy and Physiology 
for the ensuing year, should this seem desirable. 

That the Council be empowered to appoint a Committee, as recom- 
mended in their report adopted by the General Committee on August 23, 
in order to draw up suggestions upon methods of more systematic obser- 
vation and plans of operation for local societies, together with a more 
uniform mode of publication of the results of their work. It is recom- 
mended that this Committee should draw up a list of local societies 
which publish their proceedings. 

That the Council be empowered to communicate with Foreign Scientific 
Associations with the view of promoting the organization of an Inter- 
national Scientific Congress. 

That the Council be empowered to appoint a Committee, upon which 
the several sections of the Association be equally represented, for the 
purpose of co-operating with the Council in considering the best arrange- 
ments for securing a representative gathering of the Association at the 
meeting proposed to be held at Montreal. 
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Synopsis of Grants of Money appropriated to Scientific Purposes 
by the General Committee at the Southampton Meeting in 
August 1882. The Names of the Members who would be 
entitled to call on the General Treasurer for the respective 


Grants are prefixed. 


Mathematics and Physics. 


£ 
Brown, Professor Crum.—Meteorological Observations on 
BCH ING VAS. yas 2nc Bred bs aheni ated oeigee eee eee 50 
*Scott, Mr. R. H.—Synoptic Charts of the Indian Ocean...... 50 
Darwin, Mr. G. H.—Harmonic Analysis of Tidal Observa- 
ULOMIS Bice Ssne vvcecg ces xsnnev on csegeeneaaa steer Ces: Soh qemnee eam 50 
Chemistry. 
Tilden, Professor W. A.—Investigating Isomeric Naphtha- 
lene Wenvatives sc ssceth arts ot} 2+ eis; ence st eee emir 15 
*Odling, Professor—Photographing the Ultra-Violet Spark- 
Se Cb. a gabe cst alagtha nds Mattoon sop FA IL My A das Meee 20 
Geology. 
*Htheridge, Mr. R.—Harthquake Phenomena of Japan......... 50 
* Williamson, Professor W. C.—Fossil Plants of Halifax ...... 20 
*Sorby, Dr. H. C.—British Fossil Polyzoa ...............000-0e 00s 10 
Etheridge, Mr. R.—Fossil Phyllopoda of the Palaeozoic 
PROCES 2s cas aids shia te toa ee ee Mea ae So a 25 
*Hawkshaw, Sir John.—Erosion of the Sea-coasts of Eng- 
land mal, Walesa oss: soroeScececaywerl opeeh termes eoeiiae> - ee - seen 10 
*Hull, Professor E.—Circulation of Underground Waters ... 15 
*Hvans, Dr. J— Geological Record ...........,-200e0esssee0+ seeees 50 
*Ball, Professor V.—Carboniferous Limestone Caves in the 
South of; Irelands sovsss . pdgaaereetvmaateen ee erkenes 3 bch 20 
Etheridge, Mr. R.—Llandovery Rocks of Central Wales ... 10 
Carried: forward sisi. i:..Uinsitel useee sp eeemcteer asia £395 


* Reappointed. 
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ee A 
SSE gi 2 fe ot ee cont a ee 395 0 0 
Biology. 

*Pitt-Rivers, General.—Photographs of the Races and princi- 
palcrosses im the British Isles... 1. gscsaacdcecse.ee-.cesenece LEO G 
*Stainton, Mr.—Record of Zoological Literature ............... 100 0 0 
*Cordeaux, Mr. J.—Migration of Birds ................0.0000.0005 20 0 Q 

*Lankester, Professor Ray.—Table at the Zoological Station 
BRM CUDIOR) « sirede'e cin tubinna o's anne «es »4-ld3 Sebp web ey slogan at oeaeess 80 0 0 
*Pye-Smith, Dr.—Scottish Zoological Station .................. 25 0 0 

*Pye-Smith, Dr.—Inflnence of Bodily Exercise on the 
Plimninatiom Of Naibragenie :..2sich. a. t-te. oatewo ey 30 0 0 

Hooker, Sir J—Exploring Kilimandjaro and the adjoining 
Mountains of Hastern Equatorial Africa..................... 500 0 0 
*Meldola, Mr. R.—Investigation of Loughton Camp............ LG! 30.0 
*Sclater, Mr. P. L.—Natural History of Timor-laut ............ 50 0 0 

Mechanics. 

Bramwell, Sir F. J.—Relation between the pressure at 

different points of a structure on which water and air 
117) 2) hes Bi SS tn os nfearo clas tp aap <aplEa ara oe we ASTOR 25 0 0 
*Whitworth, Sir Joseph.—Screw Gauges .............cceeeeee eee 20 0 0 


£1265 0 0 


* Reappointed. 


The Annual Meeting in 1883. 


The Meeting will commence on Wednesday, September 19, at Southport, 
instead of Oxford (see Council Report, p. lix). 


Place of Meeting in 1884. 


_ The Annual Meeting of the Association in 1884 will be held at Montreal. 
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General Statement of Sums which have been paid on Account of 
Grants for Scientific Purposes. 


or Sd. 
1834. 
Tide Discussions .........s0+++ oe! 0 0 0 
1835. 
Tide Discussions ...........+++ . 62° 0), .0 
British Fossil Ichthyology ... 105 0 0 
£167 0 O 
1836. 
Tide Discussions .........+0+.+ 163 0 0 
British Fossil Ichthyology ... 105 0 0 
Thermometric Observations, 

Eig) Babudanbesec’ osocrctndasurcdc 50 0 0 
Experiments on  long-con- 

timed Heat: \.....s.csceeccene ie abe i) 
WRaitt-G AUS CS serees.oePetevansee nts 913 0 
Refraction Experiments ..... melo Om.) 
Iunar Nutation ........ ..0s000»6 60 0 O 
WWETIMOMELEIS® <.sssconsscessesse Ie BRAN) 

£435 0 O 

1837 

Tide Discussions ......... eae eee le 1D 
Chemical Constants ............ 2413 6 
Tim ar NUEAGION!. 1. .ve.-sccsescss 70 0 0 
Observations on Wayes ...... 100 12 O 
Mides}at) Bristol’. <.;2.-<-<-seces -« 150 0 0 
Meteorology and Subterra- 

nean Temperature............ 93 3 0 
Vitrification Experiments ... 150 0 0 
Heart Experiments ............ 8 4 6 
Barometric Observations...... 30 0 0 
IDATOMICUCTS s.0ct nesiecessse! «cesses UL 1S igk6 

£922 12 6 
a ae 
1838. 
Tide Discussions ............... 29 0 0 
British Fossil Fishes ......... 100 0 O 
Meteorological Observations 

and Anemometer (construc- 

WilOjaI) N° -Asneogecn obec eBBSRARe sovee 100 10 0 
Cast Iron (Strength of) ...... 60 0 0 
Animal and Vegetable Sub- 

stances (Preservationof)... 19 1 10 
Railway Constants ............ 41 12 10 
BTIStolPMGeSracccssetoec.ouseeeee 50 0 
Growth of Plants ............... 75 0 
Mind am: Rivers’ -2heeee..ce. eae 3 6 
Education Committee ......... 50 0 
Heart Experiments ....... Bocee. iy.) 
Land and Sea Level............ 267 8 
HLCAM=VESSEIS.... aicccesceesceesk 100 O 
Meteorological Committee... 31 9 

£932 2 


1839. 
Fossil Ichthyology ............ 


Meteorological Observations 
at Plymouth, &e. 


CORO 0) 


cole BME 
Mechanism of Waves ......... 144 2 0 
Bristol Mudes ee ceeceeescaseses 35 18 6 

Meteorology and Subterra- 
nean Temperature............ zl 10 
Vitrification Experiments ... 9 4 7 
Cast-Iron Experiments......... 100 0 0 
Railway Constants ........... seae, ad re 
Land and Sea Level............ 274 1 4 
Steam-vessels’ Engines ...... 100 0 0 
Stars in Histoire Céleste...... 171 18 6 
Stars in Lacaille ............... 11 0 0 
Stars in R.A.S. Catalogue 166 16 6 
Animal Secretions............... LOTTO” “Oo 
Steam Engines in Cornwall... 50 0 O 
Atmospheric AM yc c.c.p aera each lb TO 
Cast and Wrought Iron ...... 40 0 O 
Heat on Organic Bodies ...... 3 0 0 
Gases on Solar Spectrum...... 22 0 0 

Hourly Meteorological Ob- 

servations, Inverness and 
KAD GUSSIC fg cneepeesessdae- cane 49 7 8 
Fossil REPULES ciecssse segeserep ITS 2) 49 
Mining Statistics ............06 50 0 0 
£1595 11 O 

1840. 

Bristol Widesi...a.scceeseeeancsest 100 0 0 
Subterranean Temperature... 13 13 6 
Heart Experiments ............ 18 19 0 
Lungs Experiments ............ 813 0 
Tide Discussions’ ......-c«.sscrs 50 0 O 
Land and Sea Level........... to yh aL 
Stars (Histoire Céleste) ...... 242 10 0 
Stars (lacaille)\....csss<.seeesen 415 0 
Stars (Catalogue) ..........006.. 264 0 0 
Atmospheri¢ ‘Air ......:-2-s.00 15 15 0 
Water'on Iron © ...02.<sccsecsssee 10 0 0 
Heat on Organic Bodies ...... a40r0 
Meteorological Observations. 52 17 6 
Foreign Scientific Memoirs... 112 1 6 
Working Population........ ano OOS Os BO 
School Statistics ............... 50 0 O 
Horms of Wessels) .2c.2.c.n-<c00. 184 7 0 

Chemical and Electrical Phe- 
MOMEUE weedshane sss <<. +c ersten 40 0 O 

Meteorological Observations 
ab Plymouth 22). . vices snereee 80 0 0 
Magnetical Observations...... 185 13 9 
£1546 16 4 

1841. 

Observations on Waves ...... 30 0 0 

Meteorology and Subterra- 
nean Temperature.........-++ 8 8 O 
Actinometers ..........-ssssse+00s 10 0 O 
Earthquake Shocks ............ eo) 
Acrid POISONS s..ss-se=see=5 nee 6 0. 0 
Veins and Absorbents ...... ee WY 
Mud in Rivers: syssss-css++-4 iss VO RBO RAG 


GENERAL STATEMENT. 


£ 3s. d. 
Marine Zoology ....sscsseeeeeeeee 15.12 8 
Skeleton Maps .............0006+ 20 0 0 
Mountain Barometers ......... 618 6 
Stars (Histoire Céleste) ...... 185 0 O 
Stars (Lacaille) .................. eS xe XY 
Stars (Nomenclature of )...... 17 19 6 
Stars (Catalogue of)............ 40 0 0 
Water on Tron Visi di..cc..0sse0 50 0 0 
Meteorological Observations 

BUUVLTUV.CTTICSS! « enicciwe ssa eewesn' 20 0 0 
Meteorological Observations 

(eduction of) ............... 25 0 0 
Fossil Reptiles ...............008 50 0 O 
Foreign Memoirs ............... 62 0 6 
Railway Sections ............... 38 1 0 
Forms of Vessels ............... 193 12 0 
Meteorological Observations 

BPE LYMTIOWLN .....00tsccessees cde 55 0 0 
Magnetical Observations...... 6118 8 
Fishes of the Old Red Sand- 

SILCIAED Ve coopdscenoceepneocecnorae 100 0 0 
Mides:ati Leith, 3........c0-..060. 50 0 O 
Anemometer at Edinburgh... 69 1 10 
Tabulating Observations...... 926. 3 
MEACeSOL WM. sec.caccssscseccesoe 5 0 0 
Radiate Animals ............... 2 0 0 

£1235 10 11 

1842. 

Dynamometric Instruments... 113 11 2 
Anoplura Britanniz ............ 5212 0 
Tides at Bristol.............00.0. 59 8 O 
Gases on Light .. ..........0+00. 30 14 7 
Chronometers ......ssscesssceee 26 17 6 
Marine Zoology......csc.ssssevee Ld 0 
British Fossil Mammaiia...... 100 0 O 
Statistics of Education ...... 20 0 0 
Marine Steam-vessels’ En- 

PRUE ise niscaceaquestscetssecest ces 28 0 0 
Stars (Histoire Céleste) ...... 59 0 0 
Stars (Brit. Assoc. Cat. of)... 110 0 0 
Railway Sections ............... 161 10 O 
British Belemnites ............ 50 0 O 
Fossil Reptiles (publication 

of Report) ..... ntcnb Sadie: ob 210 0 0 
Forms of Vessels .............0+ 180 0 0 
Galvanic Experiments on 

UO CK Ain cdaseebctrcecsiesteas seas 5 8 6 
Meteorological Experiments 

Mb El yMOUt woeeck en. seees +s 68 0 0 
Constant Indicator and Dyna- 

mometric Instruments...... 90 0 0 
Force of Wind ..............0006 10 0 0 
Light on Growth of Seeds ... 8 0 O 
WEAN IStabISlICS |. ..ccsseseseessene 50 0 O 
Vegetative Power of Seeds... 8 1 11 
Questions on Human Race... 7 9 O 

£1449 17° 8 
1843. 
Revision of the Nomenclature 
OEMS en se cisn cdeanesconases 2 0 0 


Cis 
Reduction of Stars, British 
Association Catalogue ...... 25 0 
Anomalous Tides, Frith of 
HOTU ests tedecserontsteccsce sae 120 0 
Hourly Meteorological Obser- 
vations at Kingussie and 
IMVENTICSSiphexacsecerestasce tess tT 12 
Meteorological Observations 
at) Plymouthiyac.2se.c~ctees 55 (OO 
Whewell’s Meteorological 
Anemometer at Plymouth. 10 0 
Meteorological Observations, 
Osler’s Anemometer at Ply- 
TM OW UNG eeepc teaNeecessbmenitass 20 0 
Reduction of Meteorological 
ODSerVahlONS erc.aneeeeees nce 30 0 
Meteorological Instruments 
and Gratuities ........... .. 39 «6 
Construction of Anemometer 
ab, INVErmeSssi! 5. fos.cnc we seeer > 56 12 
Magnetic Co-operation......... 10 8 
Meteorological Recorder for 
Kew Observatory ............ 50 0 
Action of Gases on Light...... 18 16 
Establishment at Kew Obser- 
vatory, Wages, Repairs, 
Furniture, and Sundries... 133 4 
Experiments by Captive Bal- 
WSIS Geagencagsocdeemonopsaoadee 81 8 
Oxidation of the Rails of Rail- 
WAY Stwscatsascsnaapessmectaanace ss 20 0 
Publication of Report on Fos- 
Sil Reptilestasccevaccecesessssees 40 0 
Coloured Drawings of Rail- 
WY MSC CLIONG! .tavcetseecccnscs 147 18 
Registration of Earthquake 
Shocks (ety. odd ey 4ie 30 0 
Report on Zoological Nomen- 
Clatne ter aseres-aatcextseecsesss 10 0 
Uncovering Lower Red Sand- 
stone near Manchester...... 4 4 
Vegetative Power of Seeds... 5 3 
Marine Testacea (Habits of). 10 0 
Marine Zoology .........s00..0006 10 0 
Marine Zoology .........scesse0s. 214 
Preparation of Report on Bri- 
tish Fossil Mammalia ...... 100 0 
Physiological Operations of 
Medicinal Agents ............ 20 0 
Vital ‘Statistics .......:sccscscone 36 5 
Additional Experiments on 
the Forms of Vessels ...... 70 0 
Additional Experiments on 
the Forms of Vessels ...... 100 0 
Reduction of Experiments on 
the Forms of Vessels ...... 100 0 
Morin’s Instrument and Con- 
stant Indicator .............6 69 14 
Experiments on the Strength 
Of Materials <...3-.s.css.ccses 60 0 
£1565 10 
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lxx 
£ 8. d. or V8. ee 
1844. Electrical Experiments at 
Meteorological Observations Kew Observatory ...........- 4317 8 
at Kingussie and Inverness 12 0 0O | Maintaining the Establish- 
Completing Observations at ment in Kew Observatory 149 15 0 

Ply MO Ups fedastscectoaseeos : 385 0 O | For Kreil’s Barometrograph 25 0 0 
Magnetic and Meteorologicat. Gases from Iron Furnaces... 50 0 0 

Co-operation ..............+00 25 8 4 | The Actinopraph ............... 150) <0 
Publication of the British Microscopic Structure of 

Association Catalogue of Shells 2ieste. gdndntucce sce saeea 20 0 0 

ISLATS . sdegentoiesiciedececevaiters ses 35 0 O| Exotic Anoplura ......... 1843 10 0 0 
Observations on Tides on the Vitality of Seeds ......... 1848 2 0 °7 

Kast Coast of Scotland ... 100 0 O | Vitality of Seeds ......... 1844tanhss0 0 
Revision of the Nomenclature Marine Zoology of Cornwall 10 0 O 

OL SUATSS eo esesepespercors 1842 2 9 6 | Physiological Action of Medi- 
Maintaining the Establish- GINES: .cbnsannnsnensesteeeeeeene 20 0 0 

ment in Kew Observa- | Statistics of Sickness and 

UOLY,-wastatessscwassbeases:- feenees 117 17 3] Mortality in York.. ......... 20 0 0 
Instruments for Kew Obser- | Earthquake Shocks ...... 1843 15 14 8 

MeL DOL Ysa geis ete seles pee clea = spice 56 7 3 | £831 9 9 
Influence of Light on Plants 10 0 0 | ———a 
Subterraneous Temperature 

Bie Lari cle ete an pathos anne we OO) _ 1846. 

Coloured Drawings of Rail- British Association Catalogue 

way NCCITOTM RISE. cc. orence Tey p15 OL (SUSTS vas. sea eoeeeae 1844 211 15 0O 
Investigation of Fossil Fishes Fossil Fishes of the London 

ofthe Lower Tertiary Strata 100 0 0 | ClB Ye accocr see uice aie see 100 0 O 
Registering the Shocks of Computation of the Gaussian 

Earthquakes ............ 1842 23 1110 | _ Constants for 1829 ......... 50 0 0 
Structure of Fossil Shells ... 20 0 0 | Maintaining the Establish- 

Radiata and Mollusca of the ment at Kew Observatory 146 16 7 

Aigean and Red Seas 1842 100 0 0. Strength of Materials ......... 60 0 O 
Geographical Distributions of Researches in Asphyxia ...... 616 2 

Marine Zoology......... 1842 010 © | Examination of Fossil Shells 10 0 O 
Marine Zoology of Devon and Vitality of Seeds ......... 1844 2 15 10 

lao 1 I ee 10 0 0 | Vitality of Seeds ..... 1845 712 3 
Marine Zoology of Corfu...... 10 0 0 | Marine Zoology of Comwall 10 0 0 
Experiments on the Vitality Marine Zoology of Britain... 10 0 0 

Ole SOOO Sesser tei tens dacs es 9 0 © | Exotic Anoplura ......... 18f4 25 0 0 
Experiments on the Vitality Expenses attending Anemo- 

OSE COS irauee. bs tlec rts S42 See oo INGLOTS: Sid: socaavestnceteter sates iP’ Aaa 
Exotic Anoplura ........0...6. 15 0 © | Anemometers’ Repairs......... 2.3 6 
Strength of Materials ......... 100 0 © | Atmospheric Waves ............ 3.3 = 3 
Completing Experiments on Captive Balloons ......... 1844 “8 19° 8 

the Forms of Ships ......... 100 0 0 | Varieties of the Human Race 
Inquiries into Asphyxia ...... 10 0 0 1844 7 6 3 
Investigations on the Internal tatistics of Sickness and 

Constitution of Metals ...... 50 0 O Mortality in York’............ 12 0) =O 
Constant Indicator and Mo- £685 16 0 

rin’s Instrument ...... 16827 LOO, <0 

£981 12 8 1847, 
~~ | Computation of the Gaussian 
: 1845. Constants for 1829..........6 50 0 O 
Publications of the British As- Habits of Marine Animals... 10 0 0 
sociation Catalogue of Stars 351 14 6 Physiological Action of Medi- 
Meteorological Observations CINIGS: sc ccas oe sennee ccleo tegeneee 20 0 0 

af Inverness .............0004. 30 18 11 | Marine Zoology of Cornwall 10 0 0 
Magnetic and Meteorological Atmospheric Waves ............ 6293 

Co-operation scbhestn tenements 16°16 § | Vitality of Seeds 22..-.24.....- Mee! 
Meteorological Instruments Maintaining the Establish- 

at Edinburgh...........0.00.. 18 11 9 ment at Kew Observatory 107 8 6 
Reduction of Anemometrical £208 65 4 

Observations at Plymouth 25 0 0 =a 
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Pe ae ae 
: 1848. 
Maintaining the Establish- 


ment at Kew Observatory 171 15 ee 


Atmospheric Waves ............ 3 10 
Vitality of Seeds ............... 9 15 0 
Completion of Catalogue of 
SHIGE: qgadageetcddeapadeandbecrins TO OM.O 
On Colouring Matters ......... 5 0 0 
On Growth of Plants ......... 15 0 0 
£275 1 8 
1849. 
Electrical Observations at 
Kew Observatory ............ 50 0 
Maintaining Establishment 
PAAOUUOje pate sic S8e oe stacucsa cise hp Abe o 
Vitality of Seeds ...:.......000- pas 
On Growth of Plants ......... dp On 0 
Registration of Periodical 
IAHENOMEND).. 05-05 <ac.s00s0s 10) 0. 20 
Bill on Account of Anemo- 
metrical Observations ...... Vn to ano 
£1159 19. 6 
1850. 
Maintaining the Establish- 
ment at Kew Observatory 255 18 
Transit of Earthquake Waves 50 0 O 
Periodical Phenomena......... 15 0 
Meteorological Instruments, 
PAZORE Gh teins sacle saasiessaessetssisep 2b, 0). 0 
£345 18 O 
1851. 
Maintaining the Establish- 
ment at Kew Observatory 
(includes part of grant in 
HSS ed Brace siniaissie c's ivsite sees cle e's 309 2 2 
Theory of Heat .........c.csssse0 20 1 1 
Periodical Phenomena of Ani- 
mals and Plants............... 5 Ole O 
Vitality of Seeds ............... 5 6 4 
Influence of Solar Radiation 30 0 O 
Ethnological Inquiries......... 12; 0.0 
Researches on Annelida ...... 10 0 0 
LBV) 7 
1852. 
Maintaining the Establish- 
ment at Kew Observatory 
(including balance of grant 
EON SOO) lags ots seca siacsnasiet es 233 17 
Experiments on the Conduc- 
tion of Heat ...........0..s00e 5.2 
Influence of Solar Radiations 20 0 
Geological Map of Ireland... 15 0 
Researches on the British An- 
2G PEE eee eee ee 10 0 
Vitality of Seeds ............ sa@peiethOn 40 
Strength of Boiler Plates...... 10 0 
£304 6 7 
— 


owe oos lo) 


| Esmee ih 
1853. 
Maintaining the Establish- 
| ment at Kew Observatory 165 0 0 
| Experiments on the Influence 
| of Solar Radiation ......... 15 0 0 
| Researches on the British An- 
| Melia, .sstssstsnceasecascees sense 10 0 O 
| Dredging on the East Coast 
Of Scotlands eccecescesese 10 0 0 
| Ethnological Queries ......... 5 0 0 
£205 0 0 
| Maintaining the Establish- 
| ment at Kew Observatory 
Gneluding balance of 
former grant)..........s.ss000. 330 15 4 
Investigations on Flax......... TT On 0 
Effects of Temperature on 
Wrought Iron..............0606 10 0 O 
Registration of Periodical 
PNSHOMCM Aiaeedasisenisacasnee 10 0 0 
British Annelida .......... secs nLOMOR 0 
| Vitality of Seeds .............66 B12 3 
Conduction of Heat ........:... 4 2 0 
£380 19 7 
1855. 
| Maintaining the Establish- 
| ment at Kew Observatory 425 0 0O 
| Earthquake Movements ...... 10 0 O 
Physical Aspect ofthe Moon 11 8 5 
Vitality of Seeds, ....0....0.s-0s LO T. 
Map of the World............... 15 0 O 
Ethnological Queries ......... Dn. O 
Dredging near Belfast......... AO 0) 
£480 16 4 
1856. 
Maintaining the Establish- 
ment at Kew Observa- 
tory :— 
beta Aeooee ee B15. 0 wOnt ee 
TREE... <sacs LEUG A OOM Sonate © 
Strickland’s Ornithological 
SYNONYMS), .5.2. ssiaseeuevenaer? = 100 0 0 
Dredging and Dredging 
HOTMS) fises. davselde bsp <raeaese 913° 9 
Chemical Action of Light ... 20 0 0 
Strength of Iron Plates ...... 10 0 0 
Registration of Periodical 
PH SAOMENIA: ose nonce seasenaees 10 0 0 
Propagation of Salmon......... 10 0 0 
£734 13 9 
1857. 
Maintaining the Hstablish- 
ment at Kew Observatory 350 0 0 
, Earthquake Wave Experi- 
TCDS! os pcucsmaeannestecses- ote 40 0 9 
| Dredging near Belfast......... 10 0 9 
Dredging on the West Coast 
of Scotland ess. ieee; te--sehs 10 0 G 


Ixxii 
£ 3. d. 
Investigations into the Mol- 

lusca of California ......... 10 0 0 
Experiments on Flax ......... 5 0 0 
Natural History of Mada- 

ASC Alia cceeeeaasicneawesuiesscninnie 20 0 0 
Researches on British Anne- 

Wl aiewecpsiidsscscctascsscscossacee 259,050 
Report on Natural Products 

imported into Liverpool... 10 0 0 
Artificial Propagation of Sal- 

TETOSEY 63, sobanaccco gee pee aaaeeenenne LOMO: O 
Temperature of Mines......... Theets} © 10) 
Thermometers for Subterra- 

nean Observations..........++ big 4 
WATG“OAtSae sa tccsceessceatesssen-6 5 0 0 

£507 15 4 
1858. 
Maintaining the LHstablish- 

ment at Kew Observatory 500 0 0 
Earthquake Wave Experi- 

FEE aS Ecta nueia teisiswisiisieieiiae plein: ta 25 0 0 
Dredging on the West Coast 

OMUMCOLANA consnansaeomasene ns 10 0 0 
Dredging near Dublin......... 5 0 0 
Vitality of Seeds .............0+ bbe 0 
Dredging near Belfast......... 18 13 2 
Report on the British Anne- 

IIS Ey canta tne aoaaaecasedaacasbees 25 0 0 
Experiments on the produc- 

tion of Heat. by Motion in 

HUAS scat seenseceeecessasee cess 20 0 0 
Report on the Natural Pro- 

ducts imported into Scot- 

LANG reccestocvasew ie dahecaddeeeeae 10 0 0 

£618 18 2 
1859. 
Maintaining the Establish- 

ment at Kew Observatory 500 0 
Dredging near Dublin......... 15 0 
Osteology of Birds ............ 50 0 
Trish Gnnicata, '..0i.s.cscewaseee 5 O 
Manure Experiments ......... 20 0 
British Meduside ............... 5 0 
Dredging Committee ......... 5 0 
Steam-vessels’ Performance... 5 0 
Marine Fauna of South and 

West of Ireland............... 10 0 
Photographic Chemistry ...... 10. 0 
Lanarkshire Fossils ............ 20 0 
Balloon Ascents.........0e000606+ 39 11 

£684 11 
1860. 
Maintaining the BHstablish- 

ment of Kew Observatory 500 0 0 
Dredging near Belfast......... 16 6 O 
Dredging in Dublin Bay...... 15 00 
Inquiry into the Performance 

of Steam-vesseis ............ 124 0 0 
Explorations in the Yellow 

Sandstone of Dura Den ... 20 0 0 


REPORT— 1882. 


£ 8. d. 
Chemico-mechanical Analysis 

of Rocks and Minerals...... 25 0 0 
Researches on the Growth of 

(PLANS? 5s sss pene sob areeceess 10 0 0 
Researches on the Solubility 

OF Salts) wstpseaetetasersmacom 30 0 0 
Researches on the Constituents 

OF Manures'  ..scsvscsssecnsecle 25 0 0 
Balance of Captive Balloon 

AC COUNUES scjocrr-scneans-seseeees 113 6 

£766 19 6 
1861. 
Maintaining the Establish- 

ment of Kew Observatory.. 500 0 0 
Earthquake Experiments...... 25 0.0 
Dredging North and East 

Coasts of Scotland ......... 23 0 0 
Dredging Committee :— 

1860...... £50 0 0 

1861:+,,.;£22: 0 Ge pomenn D eo 
Excavations at Dura Den...... 20 0 0 
Solubility of Salts ............ 20 0 0 
Steam-vessel Performance ... 150 0 O 
Fossils of Lesmahago ......... 15 0 0 
Explorations at Uriconium... 20 0 0 
Chemical Alloys: ~<isccc.ssessee5 20'"0> 0 
Classified Index to the Trans- 

ACULONS. ocesasneccessedee cena 100 0 0 
Dredging in the Mersey and 

Deby. xenon nets maweag cere acts 5 0 0 
Dip ICInCle weengeepacenaep ee eteat 30 0 0 
Photoheliographic Observa- 

GIONS | ariadeas des sasesene ccereaees 50 0 0 
Prison Diets sc.seecsceseseaseeees 20 0 0 
Gauging of Water............+ TORO 0 
Alpine Ascents ........ s+... oa 07) O=1O 
Constituents of Manures ...... 25 0 0 

£1111 5 10 
1862. 
Maintaining the Establish- 

ment of Kew Observatory 500 0 0 
Patent Laws 22. .csc.s.cssecssstae 21 6 O 
Mollusca of N.-W. of America 10 0 0 
Natural History by Mercantile 

Marine: “i: c.pss5s6 Racaistss] hase ‘speedy (0) 
Tidal Observations ............ 25 0 0 
Photoheliometer at Kew ...... 40 0 0 
Photographic Pictures of the 

SUM) ceacareeccescereewse st eveeaee 150 0 O 
Rocks of Donegal.............+ 25 0 0 
Dredging Durham and North- 

umberland '2...2.<0csssssecees 2540-0 
Connexion of Storms ......... 20 0 0 
Dredging North-east Coast 

of ‘Scotland? 2-0.s.ceesees Saver OS Ok NG 
Ravages of Teredo ............ 311 0 
Standards of Electrical Re- 

SISHANCE: »sasscsscabecoecseteenes 2508/0" 0 
Railway Accidents ............ 10 0 0 
Balloon Committee ............ 200 0 0 
Dredging Dublin Bay ......... 10 0 


GENERAL STATEMENT. Ixxili 


£ 
Dredging the Mersey ......... 5 
Prison Diet  ......cseeeeeeereeees 20 
Gauging of Water ...........0++ 12 
Steamships’ Performance...... 15 


0 
Thermo-Electric Currents. mo M6 
3 


1863. 
Maintaining the Establish- 


ment of Kew Observatory.. 600 
Balloon Committee deficiency 70 


Balloon <Ascents (other ex- 


£1608 


| 


PETSES) .eeceesecseereeeeereees 25 
EEMtOZOA ...cocsscsccecccecenecceeces 25 
Coal Mossils ........ceescerereres 20 
Herrings....... eeoesesisen seins “Bone. 1 2) 
Granites of Donegal............ 5 
Prison Diet  ....csceceeeesseeeees 20 
Vertical Atmospheric Move- 

IMCS ..ccecccsccsceccersssansces 13 
Dredging Shetland ............ 50 
Dredging North-east coast of 

nt ee ea 25 
Dredging Northumberland 

and Durham ..........2..-.00 17 
Dredging Committee superin- 

EMGENMIGO) |) c.cccsscnnsseeess secs 10 
Steamship Performance ...... 100 
Balloon Committee .......++... 200 
Carbon under pressure ......... 10 
Volcanic Temperature ......... 100 
Bromide of Ammonium ...... 8 
Electrical Standards............ 100 
—— Construction and Distri- 

POUEION co ncteeeawessesscsvsccease 40 
Luminous Meteors .........+6+ 17 
Kew Additional Buildings for 

Photoheliograph .........00+ 100 
Thermo-Electricity ............ 15 
Analysis of Rocks ............ 8 
EUUATOIO dgaseadsecocscnscccossscens* 10 

1864. 
Maintaining the LEstablish- 
ment of Kew Observatory.. eee 
WORIFMOSSHS iosccccceco sec ccaceee 
Vertical Atmospheric Move- 

DUCTUS saneacmesccrscecssessccecss 20 
Dredging Shetland ............ 75 
Dredging Northumberland... 25 
Balloon Committee ............ 200 
Carbon under pressure ...... 10 
Standards of Electric Re- 

RIMEANICC)9 25s scciqesenmeteaacascee 100 
Analysis of Rocks ............ 10 
PEVOLOIAD, |p. scccacesevteurecvessee . 10 
Askham’s Gift ............seeeee 50 
Nitrite of Amyle ............... 10 
Nomenclature Committee ... 5 
Rain-Gauges ......ccccecssssesees 19 
Cast-Iron Investigation ...... 20 


(=) oo cooooo oo 


i=) 


Some. © Oo. Ooo OO So eS ==) oooococo oo 
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omoocoooo coocoo oo 


£ 3s. d 

Tidal Observations in the 
FTUNGBED séoegcadesecstadedecsveue 50 0 O 
Spectral Rays....sccccceseeeeeeees 45 0 0 
Luminous Meteors .........+6+ 20 0 0 


£1289 15 8 


1865. 
Maintaining the LEstablish- 


ment of Kew Observatory.. 600 0 0 
Balloon Committee ............ 100 0 O 
Ry rida. ca icedtewsscnevecesossnie 13 0 0 
Rain-Gauges ...:..ceccecssseeeees 30 0 0 
Tidal Observations in the 

TRUDE sssdcccesesscencennsseeys 6 8 0 
Hexylic Compounds ............ 20 0 0 
Amyl Compounds ............... 20 0 0 
Wisi shMHWOnavecsscencnsceusccctre da 25 0 0 
American Mollusca ............ 3.9 0 
Organic ACIdS . |. 23vsJs-ce0 sence 20 0 O 
Lingula Flags Excavation ... 10 0 0 
HULYPLCTUS......ccceeecwernvscires 50 0 0 
Electrical Standards............ 100 0 O 
Malta Caves Researches ...... 50 0 O 
Oyster Breeding ..........0.006 25 0 O 
Gibraltar Caves Researches... 150 0 0 
Kent’s Hole Excavations...... 100 0 0 
Moon’s Surface Observations 35 0 0 
Marine Fauna ........sseseeeeee 25 0 0 
Dredging Aberdeenshire ...... 25 0 0 
Dredging Channel Islands ... 50 0 0 
Zoological Nomenclature...... 5 0 0 
Resistance of Floating Bodies 

Hn WiaOGeaddedandccdccestescee = 100 0 0 
Bath Waters Analysis ......... 8 10 10 
Luminous Meteors ..........++ 40 0 0 

‘£1591 7 10 
ii ee 
1866. 
Maintaining the Establish- 

ment of Kew Observatory.. 600 0 0 
Lunar Committee.............0. 6413 4 
Balloon Committee ............ 50 0 0 
Metrical Committee............ 50 0 O 
British Rainfall.............2s008 50 0 0 
Kilkenny Coal Fields ......... 16 0 0 
Alum Bay Fossil Leaf-Bed... 15 0 0 
Luminous Meteors .........+2. 50 0 0 
Lingula Flags Excavation ... 20 0 0 
Chemical Constitution of 

Wasi ITOM Gee cewcnaceccscnsneves 50° 0 0 
Amyl Compounds ...........06+ 25 0 O 
Electrical Standards............ 100 0 0 
Malta Caves Exploration ...... 30 0 0 
Kent’s Hole Exploration ...... 200 0 0 
Marine Fauna, &c., Devon 

and Cornwall ............essee. 25 0° 0 
Dredging Aberdeenshire Coast 25 0 0 
Dredging Hebrides Coast ... 50 0 0 
Dredging the Mersey ......... boro 
Resistance of Floating Bodies 

it. Wateticssctocscesecceton cece 50 0 0 
Polycyanides of Organic Radi- 

CAaISU ccccecsuxeeesecee Sovebevedve 20 0 0 


lxxiv 
£ 
Rigor Mortis ..... SCOR GOOS eis 10 
irish Armelida, i..2..sccnecceuss 15 
Catalogue of Crania............ 50 
Didine Birds of Mascarene 
NslanidStetececsecarerass-csesseons 50 
Typical Crania Researches ... 30 
Palestine Exploration Fund... 100 
“£1750 L 


8. 
0 
0 
0) 
0 
0 
0 
3 


d 
0 
0) 
0 
0 
0 
0 
aA 


1867. 
Maintaining the Establish- 
ment of Kew Observatory.. 600 
Meteorological Instruments, 


IPA CSU Crennascsnessseensaqasaaes 50 
Lunar Committee ............008 120 
Metrical Committee ............ 30 
Kent’s Hole Explorations 100 
Palestine Explorations......... 50 
Insect Fauna, Palestine ...... 30 
Bribish) Raimtalls: scesascsessweuss 50 
Kilkenny Coal Fields ......... 25 
Alum Bay Fossil Leaf-Bed ... 25 
Luminous Meteors ............ 50 
Bournemouth, &e., Leaf-Beds 30 
Dredging Shetland ............ 75 


Steamship Reports Condensa- 


TAOTIN Ee ee pentuleoceteutate de Caecel 100 
Electrical Standards........... - 100 
Ethyl and Methyl series ...... 25 
MOssilMOTUSPACED viseck .Seatieiges's 25 
Sound under Water ............ 24 
North Greenland Fauna ...... v3) 

Do. Plant Beds 100 


Tron and Steel Manufacture... 25 
Patent Laws 


Serer e aes ooooocoooococo i) 


1868. 
Maintaining the Establish- 


ment of Kew Observatory.. 600 
Lunar Committee ............... 120 
Metrical Committee............ 50 
Zoological Record,,............ . 100 
Kent’s Hole Explorations 150 
Steamship Performances ...... 100 
British Rainfall ................0. 50 
Luminous Meteors............... 50 
Organic Acids)... scscssect.<euas 60 
Fossil Crustacea...........ssc0.0s 25 
Methyl Series.......... Sconacne 25 
Mercury and Bile ............... 25 
Organic Remains in Lime- 

ShonevROCKS, peeaeeiemsssese sn 25 
Scottish Earthquakes ........, 20 


Fauna, Devon and Cornwall.. 30 
British Fossil Corals ......... 50 
Bagshot Leaf-Beds ............ 50 


Greenland Explorations ...... 100 
AQOSSU SLOT. cn acasBeccees ee Seee 25 
Tidal Observations ............ 100 


Underground Temperature... 50 
Spectroscopic Investigations 
of Animal Substances ...... 5 
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Secondary Reptiles, &c.  ......... 30 0 0 
British Marine Invertebrate 
Fauna ........ PO Fee 100 0 0 
£1940 O 0 
1869. 
Maintaining the Establish- 

ment of Kew Observatory. . ue 0 0 
Lunar Committee.........0.s:ss0s. 9 0 
Metrical Committee.. seed 6 0 0 
Zoological Record ..........- goer LOO FEO LD 
Committee on Gases in Deep- 

well Water .[2sist.t..5esnscke as) DVO O 
British Rainfall ........2.:.siseee 50 0 O 
Thermal Conductivity of Iron, 

SEC vesicast dana seothn ceuhneeteny eee OO YAO SEO 
Kent’s Hole Explorations. «4 150 00 
Steamship Performances ...... 30 0 0 
Chemical Constitution of 

Cast dironterasssteserccsenceenes = S800" 0 
Tron and Steel Manufacture 100 9 O 
Methyl Series: ..25.02:t0ebscees. 30 0 0 
Organic Remains in Lime- 

stone Rocks...........06.80« +. PE OERO 0 
Earthquakes in Scotland..... sAeLOPO 
British Fossil Corals .,....... 50 0 0 
Bagshot Leaf-Beds ............ 30°00 
Hossill Mlora: --33s220riseceedaecn ae 25 °0.=0 
Tidal Observations ............ 100 0 0 
Underground Temperature... 30 0 0 
Spectroscopic Investigations 

of Animal Substances ...... BNO” 0 
Organic Acids irctecccsscest ss 12 0 0 
Kiltorcan Fossils ............... 20,0 0 
Chemical Constitution and 

Physiological Action Rela- 

TIONS) Sse 5ctesceden caterers nee 150 0 
Mountain Limestone Fossils 25 0 O 
Utilization of Sewage ......... TOR0: 0 
Products of Digestion ......... O00 

£1622 0 0 
1870. 
Maintaining the Establish- 

ment of Kew Observatory 600 0 O 
Metrical Committee............ 25 0 0 
Zoological Record............... 100 0 O 
Committee on Marine Fauna 20 0 0 
Hars InsHISHeS! :Ohucessspemestres 10 0 O 
Chemical Nature of Cast Iron 80 0 0 
Luminous Meteors ............ 30 0. 0 
Heat in the Blood............... 15 0 0 
BritishoRamtall.: -..ccesteene 100 0 O 
Thermal Conductivity of 

Tron, &e;) <i. dit sieateeecaeeeees 20 0 O 
British Fossil Corals............ 50 0 O 
Kent’s Hole Explorations ... 150 0 0 
Scottish Earthquakes .,....... 4 0 0 
Bagshot Leaf-Beds ............ 15 0 0 
Fossil Flora ........... Seatiess 25 0 0 
Tidal Observations ............ 100 0 0 
Underground Temperature... 50 0 0 
Kiltorcon Quatries Fossils ... 20 0 0O 
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Mountain Limestone Fossils 25 0 0 
Utilization of Sewage ......... 50 0 0 
Organic Chemical Compounds 30 0 0 
Onny River Sediment ......... 3.0 0 
Mechanical Equivalent of 
PV eie tres nscnassadessacapore sae 50 0 O 
£1572 0 0 


1871. 
Maintaining the Establish- 


ment of Kew Observatory 600 

Monthly Reports of Progress 
in Chemistry .........0,.se00. 100 
Metrical Committee............ 25 
Zoological Record............... 100 

Thermal Equivalents of the 
Oxides of Chlorine ......... 10 
Tidal Observations ............ 100 
HHOSSUUIOTA, 0.025 --scsvenueesses 25 
Luminous Meteors ............ 30 
British Fossil Corals ......... 25 
Heat in the Blood............... Uf 
PeeTDIS I AINA oc cccsasacesecne 50 
Kent’s Hole Explorations ... 150 
Fossil Crustacea ..............5 25 
Methyl Compounds ............ 25 
AAT ODIECES: .-...cosepeecceee« 20 

Fossil Coral Sections, for 
Photographing ...;........-.- 20 
Bagshot Leaf-Beds ............ 20 
Moab Explorations ........... . 100 
Gaussian Constants ......... --- 40 
£1472 

1872. 

Maintaining the Establish- 
ment of Kew Observatory 300 
Metrical Committee............ 75 
Zoological Record............... 100 
Tidal Committee ............... 200 
Carboniferous Corals ......... 25 
Organic Chemical Compounds 25 
Exploration of Moab............ 100 

Terato-Embryological Inqui- 
IGS cotetco ea RaRC eee ee 10 
Kent’s Cavern Exploration... 100 
Luminous Meteors ............ 20 
Heat in the Blood............. acta is: 
Fossil Crustacea .............. . 25 


Fossil Elephants of Malta ... 25 


Lunar Objects .................. 20 
Inverse Wave-Lengths......... 20 
British Rainfall.................. 100 
Poisonous Substances Antago- 
Males Meweetssecaatee tances 10 
Essential ‘Oils, Chemical Con- 
stitution, &C. ........0.000. eens, AO 
Mathematical Tables ........ . 50 
Thermal Conductivity of Me- 
BRIN) aa scssceneee ealecove esos’ eee 20 
£1285 
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1873. 

Zoological Record............00. 100 0 0 
Chemistry Record.............. 200 0 0 
Tidal Committee ............... 400 0 0 
Sewage Committee .......... - 100 0 0 
Kent’s Cavern Exploration... 150 0 0 
Carboniferous Corals ......... 25 0 0 
Fossil Elephants ............... 25 0 0 
Wave-Lengths. ....:..ss2d2: dese 150 0 O 
british) Rainfall cs)... acess 100 0 O 
Hissembiall Oils: i vsccscecteesesecs 30 0 0 
Mathematical Tables ......... 100 0 O 
Gaussian Constants ..........0. 10 0 0 
Sub-Wealden Explorations... 25 0 0 
Underground Temperature... 150 0 0 
Settle Cave Exploration .,.... 50 0 0 
Fossil Flora, Ireland............ 20 0 0 
Timber Denudation and Rain- 

Pall ccc sssvs cothtatescscecssoees 20 0 O 

Luminous Meteors..............- 30 0 O 
£1685 0 O 
1874. 
Zoological Record ............6.. 100 0 O 
Chemistry Record............... 100 0 0 
Mathematical Tables ......... 100 0 O 
Elliptic Functions............... 100 0 0 
Lightning Conductors ......... 10 0 O 
Thermal Conductivity of 

ROCKS) Asch cecerosessomaasvcaesife 10 0 O 
Anthropological Instructions, 

SSG pe delnorc sistas calcteod cee ttosaraae 50 0 0 
Kent’s Cavern Exploration... 150 0 0 
Luminous Meteors ............ 30 0 0 
Intestinal Secretions ......... 15 0 0 
British Rainfall: .....c.ics.0.< 100 0 0 
Essential Oils..........c..c0sece0e 10 0 0 
Sub-Wealden Explorations... 25 0 0 
Settle Cave Exploration ...... 50 0 0 
Mauritius Meteorological Re- 

SCARCE. a sees Seasssac den de'deuns 100 0 O 
Maenetization of Iron ......... 20 0 0 
Marine Organisms............... 30 0 O 
Fossils, North-West of Scot- 

DANG yee viveccscandaecasedenmocboses 210 0 
Physiological Action of Light 20 0 0 
Trades UMIOMS con psnceastacceyso® 25 0 0 
Mountain Limestone-Corals 25 0 0O 
Hrratic Blocks ...........ss000 10 0 O 
Dredging, Durham and York- 

shire COASES) <s.s<..s.aesceans 28 5 0 
High Temperature of Bodies 30 0 0 
Siemens’s Pyrometer ......... 3.6 =«+0 
Labyrinthodonts of Coal- 

IMICABUTES.<ccceccssedeceibamecetts Weloe.O 

£1151 16 O 

1875. 
Eliptic Functions ............... 100 0 0 
Magnetization of Iron ......... 20 0 0 
British Rainfall.............. seo 20 OF 0 
Luminous Meteors ............ 30 0 0 
Chemistry Record...... fo eabiors 100 0 0 
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£ 8. d. 
Specific Volume of Liquids... 25 0 0 
Estimation of Potash and 

Phosphoric Acid............... 10 0 O 
Isometric Cresols ............... 20-0! 0 
Sub-Wealden Explorations... 100 0 0 
Kent’s Cavern Exploration... 100 0 0 
Settle Cave Exploration ...... 50 0 O 
Earthquakes in Scotland...... Ee OLs0 
Underground Waters ......... 10 0 O 
Development of Myxinoid 

IHSIIIESS aéaqdcocoonsanacanavadanned 20 0 0 
Zoological Record.............+. 100 0 0 
Instructions for Travellers... 20 0 0 
Intestinal Secretions ......... 20 0 0 
Palestine Exploration ......... 100 0 0 

£960 0 O 

1876. 

Printing Mathematical Tables 159 4 2 
British Rainfall...............06. 100 0 O 
MOIS TUAW «one seven ecisersessoe. 9 15° 0 
Tide Calculating Machine ... 200 0 0 
Specific Volume of Liquids... 25 0 0 
Tsomeric Cresols ...........0.05 100-70 
Action of Ethyl Bromobuty- 

rate or Hthyl Sodaceto- 

COLAC tere envanensenese cost a 10030 
Estimation of Potash and 

Phosphoric Acid............... 130) 0 
Exploration of Victoria Cave, 

ISISUIHIGS Gspanetocnacss cseaiaesecdc 100 0 0 
Geological Record..............+ 100 0 O 
Kent’s Cavern Exploration... 100 0 0 
Thermal Conductivities of 

ROCKS arscsesttsssstttee: sctarene 10 0 0 
Underground Waters ......... 10 0 0 
Earthquakes in Scotland...... 110 0 
Zoological Record.............+ 100 0 0 
@loseeRi merc stecctcstessssscrnee 5 0! 0 
Physiological Actionof Sound 25 0 0 
Zoological Station......... sas tceu, (OUR 
Intestinal Secretions ......... Lor OTNO: 
Physical Characters of Inha- 

bitants of British Isles...... 13 15 0 
Measuring Speed of Ships ... 10 0 0 
Effect of Propeller on turning 

of Steam Vessels ............ Fees Ohon (0) 

£1092 4 2 
1877. 
Liquid Carbonic Acids in 

Minerals St). ..t5:. ceaseeetee 20 0 0 
Elliptic Functions ............ 250 0 0 
Thermal Conductivity of 

IRGCKS heseesisecsacaeseesacs sees ast Ie i 
Zoological Record............... 100 0 0 
Kent’s Cavern .....5..0...000000 100 0 0 
Zoological Station at Naples 75 0 0 
Luminous Meteors ............ 30 0 0 
Elasticity of Wires ............ 100 0 0 
Dipterocarpe, Report on...... 20 0 0 
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. £ 8. d. 
Mechanical Equivalent of 

1 8 Ese prdacoccncombaucdascencacsb 35 0 0 
Double Compounds of Cobalt 

andsNickeli ensescortss seeaewe 8 0 0 
Underground Temperatures 50 0 O 
Settle Cave Exploration ...... 100 0 O 

| Underground Waters in New 

Red Sandstone ........ ...+.- 10/30) 30 
Action of Ethyl Bromobuty- 

rate on Ethyl Sodaceto- 

ACCTALC) Nesssescceeesoescesaiates 10 0 0 
British Earthworks ............ 25 0 0 
Atmospheric Elasticity in 

India) ...n<scttewewceeaseses seen 15 0 0 
Development of Light from 

Coal-Gas 5. ..ssetcserssveewn ae 20 0 0 
Estimation of Potash and 

Phosphoric: Acid: cc. sseseeents 118 0 
Geological Record............+0« 100 0 O 
Anthropometric Committee 34.0 0 
Physiological Action of Phos- 

phoric Acid).8&c::. 5.06 ceeecen 15 0 0 

£1128 9.7 
1878. 
Exploration of Settle Caves 100 0 O 
Geological Record............... 100 0 O 
Investigation of Pulse Pheno- 

mena by means of Syphon 

RECON Cris vecssssheveceet eases LO TORO) 
Zoological Station at Naples 75 O O 
Investigation of Underground 

ANVERTENE Fecenennpaceodcon. .corcos 1sy tO 0) 
Transmission of Electrical 

Impulses through Nerve 

Structure............ wo enies ata 30 0 0 
Calculation of Factor Table 

of Fourth Million............ 100 0 O 
Anthropometric Committee... 66 0 0 
Chemical Composition and 

Structure of less known 

AIKAIOINS 6 a -eacaaeseee es suer 25 0 0 
Exploration of Kent’s Cavern 50 0 0 
Zoological Record... ceases LOO OO 
Fermanagh Caves Exploration 15 0 0 
Thermal Conductivity of 

FROGS) S aeensewtassstnp ea cleeeaes 416 6 
Luminous Meteors............++. 10 ORO 
Ancient Earthworks ............ 25 0 0 

£725 16 6 
1879. 
Table at the Zoological 

Station, Naples ............... fois 0220 
Miocene Flora of the Basalt 

of the North of Ireland 20 0 0 
Illustrations for a Monograph 

on the Mammoth ............ 0 0 
Record of Zoological Litera- 

TUNG Sees tenvsiiesins alsisalneasestssls's via 100 0 0 
Composition and Structure of 

less-known Alkaloids 25 0 0 
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£ 8. d. 
Exploration of Caves in 
Borneo ....... Sasssceeesaidantac 50 0 O 
Kent’s Cavern Exploration... 100 0 0 
Record of the Progress of 
Geology ......scssereereseeseeee 100 0 0 
Fermanagh CavesExploration 5 0 0 
Electrolysis of Metallic Solu- 
tions and Solutions of 
Compound Salts.............+5 25, 0) 0 
Anthropometric Committee... 50 0 0 
Natural History of Socotra... 100 0 0 
Calculation of Factor Tables 
for 5th and 6th Millions... 150 0 0 
Circulation of Underground 
BVVAULETS ce crccncersastaseaese<ca0s 10 0 0 
Steering of Screw Steamers... 10 0 0 
Improvements in Astrono- 
mmuealClOCKS) << ..0c.s0-sc.e+2-s 30 0 
Marine Zoology of South 
NDEVON veccncsecscccassscnssereess 20 0 
Determination of Mechanical 
Equivalent of Heat ......... 1215 6 
Specific Inductive Capacity 
of Sprengel Vacuum......... 40 0 O 
Tables of Sun-heat Co- 
PICLENS) ower. alsoescujedesseeae- 30 0 0 
Datum Level of the Ordnance 
(STINT CEN Sencar eee Sec ore eae 10 OG 
Tables of Fundamental In- 
variants of Algebraic Forms 36 14 9 
Atmospheric Electricity Ob- 
servations in Madeira ...... Vas) (0) 
Instrument for Detecting 
Fire-damp in Mines ......... 22, 0, {0 
Instruments for Measuring 
the Speed of Ships ......... ile Ss 
Tidal Observations in the 
English Channel ............ 10 0 O 
£1080 11 11 
1880. 
New Form of High Insulation 
LL Epc bc aseeetoaaoreeasaseeee LO 100 
Underground Temperature... 10 0 0 
Determination of the Me- 
chanical Equivalent of 
JE( SERS) aSbon¢anock Acoc ee Cnscocaeee 8 5 
Elasticity of Wires ............ 50 0 
Luminous Meteors ............ 30 0 
Lunar Disturbance of Gravity 30 0 
Fundamental Invariants ...... 8 5 
Laws of Water Friction ...... 20 0 
Specific Inductive Capacity 
of Sprengel Vacuum......... 20 0 
Completion of Tables of Sun- 
heat Co-efficients ............ 50 0 
Instrument for Detection of 
Fire-damp in Mines......... 10 0 
Inductive Capacity of Crystals 
and Paraffines ............... Nie 
Report on Carboniferous 
POLY ZOB) ceeasuetesstsceccnesscs. LOO 10 
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£ 8. d. 
Caves of South Ireland ...... 10 0 0 
Viviparous Nature of Ichthyo- 

Saurus ....... Beeeobedadacdoas sess 10 0 0 
Kent’s Cavern Exploration... 50 0 0O 
Geological Record............... 100 0 0 
Miocene Flora of the Basalt 

of North Ireland ............ 1 OVO 
Underground Waters of Per- 

mian Formations ............ ny Oe 
Record of Zoological Litera- 

ENT Cromaneie sac caiciee desiastistesianaine(= 100 0 0 
Table at Zoological Station 

Ap NGUDLESis ascasieasensecesi'ser =< TS, 0) 0 
Investigation of the Geology 

and Zoology of Mexico...... 500) 0 
Anthropometry .......ssssserees 50 0 O 
Patent LAWS ......scccceereeceees 5 0 0 
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1881. 

Lunar Disturbance of Gravity 30 0 0 
Underground Temperature... 20 0 O 
High Insulation Key............ 5 0 0 
Tidal Observations ...........+ LOM 0/510 
Hossil Polyzoay Ae. ccesedess-o~ 10 0 0 
Underground Waters ......... 10 0 O 
Earthquakes in Japan ......... 25 0 0 
Mertiary, HOA, fs. cease -a-st0s 20 0 0 
Scottish Zoological Station... 50 0 O 
Naples Zoological Station 75 0 0 
Natural History of Socotra... 50 0 0 
Zoological Record...........+.+. 100 0 O 
Weights and Heights of 

Human Beings .......0..s00-.. 30 0 0 
Electrical Standards........ ... 25 0 0 
Anthropological Notes and 

QUETIES "is. cadeu cess oe ddneetete 9 0 0 
Specific Refractions ............ Cee ere 

£476 3 1 
1882. 
Tertiary Flora of North of 

itrelamelo Meee ctesacsssestaeccee ee 20 0 0 
Exploration of Caves of South 

Of Imelandiytsnieret-sbeoaect-= 10 0 0 
Fossil Plants of Halifax ...... 15 0 0 
Fundamental Invariants of 

Algebraical Forms ......... (6 ke 
Record of Zoological Litera- 

LBD) com ccedancesroobee Coe pOne neo 100 0 O 
British Fossil Polyzoa ......... 10 0 0 
Naples Zoological Station ... 80 0 0 
Natural Historyof Timor-laut 100 0 0 
Conversion of Sedimentary 

Materials into Metamorphic 

TOCKS elec ris =tencllesecaanecent rs 10 0 O 
Natural History of Socotra... 100 0 0 
Circulation of Underground 

IWalbeYrs’ seccscrsssedcesaemesersis<s 15 0 0 
Migration of Birds ............ 15 0 O 

| Earthquake Phenomena of 

APA Lowmeveeeaseras <ssesena et 25 0 0 
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Geological Map of Europe ... 25 0 0 | Wave-lengths Tables of Spec- 
Elimination of Nitrogen by tra of Hlements.............+. 50 0 O 
Bodily Exercise...........+... 50 0 O | Geological Record............... 100 0 0 

Anthropometric Committee... 50 0 0 | Standards for Electrical 
Photographing Ultra-Violet Measurements ...........000« 100 0 0 
Spark Spectra ...........+.-- 25 0 0O | Exploration of Central Africa 100 0 0 

Exploration of Raygill Fis- Albuminoid Substances of 
ULE eee avarca-sssrnmesssansssieasis 2070570 ELUM cescscecka<sseennese senate 10 0 0 
Calibration of Mercurial Ther- £1126 111 
IHOMELCES | accnuistessscccness 40 20 0 0 SS 


General Meetings. 


On Wednesday, August 23, at 8 p.m., in the Skating Rink, Sir John 
Lubbock, Bart., M.P., D.C.L., LL.D., F.R.S., F.L.S., F.G.S., resigned the 
office of President to C. W. Siemens, Esq., D.C.L., LU.D., F.R.S., F.C.S., 
M.I.C.E., who took the Chair, and delivered an Address, for which see 
page l. ‘ 

Pak Thursday, August 24, at 8 p.m., a Soirée took place in the Hartley 
Institution. 

On Friday, August 25, at 8.30 p.m., in the Skating Rink, Professor 
Sir William ‘Thomson, M.A., LL.D., D.C.L., F.R.S., delivered a Discourse 
on ‘ Tides.’ 

On Monday, August 28, at 8.30 p.m., in the Skating Rink, Professor 
H. N. Moseley, M.A., F.R.S., delivered a Discourse on ‘ Pelagic Life.’ 

On Tuesday, August 29, at 8 p.m., a Soirée took place in the Hartley 
Institution. 

On Wednesday, August 30, at 2.30 p.m., the concluding General 
Meeting took place in the Skating Rink, when the Proceedings of the 
General Committee, and the Grants of Money for Scientific purposes, 
were explained to the Members. 

The meeting was then adjourned to Southport. [The Meeting is 
appointed to commence on Wednesday, September 19, 1883.] 
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C. WILLIAM SIEMENS, 


D.C.L. (Oxon), LL.D. (Glasc. and Dubl.), Ph,D., F.R.S., F.C.S,, 
Member Inst.C.E., 


PRESIDENT. 


In venturing to address the British Association from this chair, I feel 
that I have taken upon myself a task involving very serious responsibility. 
The Association has for half a century fulfilled the important mission of 
drawing together, once every year, scientists from all parts of the country 
for the purpose of discussing questions of mutual interest, of endowing 
research, and of cultivating those personal relations which aid so power- 
fully in harmonising views, and in stimulating concerted action for the 
advancement of science. 


A sad event casts a shadow over our gathering. While still mourning 
the irreparable loss Science had sustained in the person of Charles Darwin, 
whose bold conceptions, patient labour, and genial mind made him almost 
a type of unsurpassed excellence, telegraphic news reached Cambridge, 
just a month ago, to the effect that our General Secretary, Professor 
F. M. Balfour, had lost his life during an attempted ascent of the Aiguille 
Blanche de Péteret. Although only thirty years of age, few men have 
won distinction so rapidly and so deservedly. After attending the 
lectures of Dr. Michael Foster, he completed his studies of Biology under 
Dr. Anton Dohrn at the Zoological Station of Naples in 1875. In 1878 
he was elected a Fellow, and in November last a member of Council 
of the Royai Society, when he was also awarded one of the Royal Medals 
for his embryological researches. Within a short interval of time Glasgow 
University conferred on him their honorary degree of LL.D., he was 
elected President of the Cambridge Philosophical Society, and after having 
declined very tempting offers from the Universities of Oxford and Edin- 
burgh, he accepted a professorship of Animal Morphology created for 
him by his own University. Few men could have borne without hurt 
such a stream of honourable distinctions, but in young Balfour genius 
and independence of thought were happily blended with industry and 
personal modesty ; these won for him the friendship, esteem, and admira- 
tion of all who knew him. 

It affords me great satisfaction to qualify the sad impression produced 

1882. B 


2 REPORT—1882, 


by this event, by the happy one of the safe return to these shores of that 
most persistent and disinterested Arctic explorer, Mr. B. Leigh Smith, 
together with his much enduring crew and valiant rescuers. 


Since the days of the first meeting of the Association in York in 
1831, great changes have taken place in the means at our disposal 
for exchanging views, either personally or through the medium of type. 
The creation of the railway system has enabled congenial minds to 
attend frequent meetings of those special Societies which have sprung 
into existence since the foundation of the British Association, amongst 
which I need only name here the Physical, Geographical, Meteorological, 
and Anthropological, cultivating abstract science, and the Institution of 
Mechanical Engineers, of Naval Architects, the Iron and Steel Institute, 
the Society of Telegraph Engineers and Electricians, the Gas Institute, 
the Sanitary Institute, and the Society of Chemical Industry, repre- 
senting applied science. These meet at frequent intervals in London, 
whilst others, having similar objects in view, hold their meetings at 
the University towns, and at other centres of intelligence and industry 
throughout the country, giving evidence of great mental activity, and 
producing some of those very results which the founders of the British 
Association wished to see realised. If we consider further the extra- 
ordinary development of scientific journalism which has taken place, 
it cannot surprise us when we meet with expressions of opinion to the 
effect that the British Association has fulfilled its mission, and should 
now yield its place to those special Societies it has served to call into 
existence. On the other hand, it may be urged that the brilliant success 
of last year’s Anniversary Meeting, enhanced by the comprehensive address 
delivered on that occasion by my distinguished predecessor in office, 
Sir John Lubbock, has proved, at least, that the British Association is 
not dead in the affections of its members, and it behoves us at this, the 
first ordinary gathering in the second half-century, to consider what are 
the strong points to rely upon for the continuance of a career of success 
and usefulness. 

If the facilities brought home to our doors of acquiring scientific 
information have increased, the necessities for scientific inquiry have 
increased in a greater ratio. The time was when science was cultivated 
only by the few, who looked upon its application to the arts and 
manufactures as almost beneath their consideration; this they were 
content to leave in the hands of others, who, with only commercial aims 
in view, did not aspire to further the objects of science for its own sake, 
but thought only of benefiting by its teachings. Progress could not be 
rapid under this condition of things, because the man of pure science 
rarely pursued his inquiry beyond the mere enunciation of a physical — 
or chemical principle, whilst the simple practitioner was at a loss how 
to harmonise the new knowledge with the stock of information which 
formed his mental capital in trade. 
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The advancement of the last fifty years has, I venture to submit, 
rendered theory and practice so interdependent, that an intimate union 
between them is a matter of absolute necessity for our future progress. 
Take, for instance, the art of dyeing, and we find that the discovery of 
new colouring matters derived from waste products, such as coal-tar, 
completely changes its practice, and renders an intimate knowledge of 
the science of chemistry a matter of absolute necessity to the practitioner. 
In telegraphy and in the new arts of applying electricity to lighting, to 
the transmission of power, and to metallurgical operations, problems 
arise at every turn, requiring for their solution not only an intimate 
acquaintance with, but a positive advance upon, electrical science as 
established by purely theoretical research in the laboratory. In general 
engineering the mere practical art of constructing a machine so designed 
and proportioned as to produce mechanically the desired effect, would 
suffice no longer. Our increased knowledge of the nature of the mutual 
relations between the different forms of energy makes us see clearly 
what are the theoretical limits of effect; these, although beyond our 
absolute reach, may be looked upon as the asymptotes to be approached 
indefinitely by the hyperbolic course of practical progress. Cases arise, 
moreover, where the introduction of new materials of construction, or the 
call for new effects, renders former rules wholly insufficient. In all these 
cases practical knowledge has to go hand in hand with advanced science 
in order to accomplish the desired end. 

Far be it from me to think lightly of the ardent students of nature, 
who, in their devotion to research, do not allow their minds to travel into 
the regions of utilitarianism and of self-interest. These, the high priests 
of science, command our utmost admiration ; but it is not to them that we 
can look for our current progress in practical science, much less can we 
look for it to the ‘rule of thumb’ practitioner, who is guided by what 
comes nearer to instinct than to reason. It is to the man of science 
who also gives attention to practical questions, and to the practitioner 
who devotes part of his time to the prosecution of strictly scientific 
investigations, that we owe the rapid progress of the present day, both 
merging more and more into one class, that of pioneers in the domain of 
nature. It is such men that Archimedes must have desired when he 
refused to teach his disciples the art of constructing his powerful ballistic 
engines, exhorting them to give their attention to the principles involved 
in their construction, and that Telford, the founder of the Institution of 
Civil Engineers, must have had in his mind’s eye, when he (at the sug- 
gestion of Tredgold) defined civil engineering as ‘the art of directing the 
great sources of power in nature.’ 

These considerations may serve to show that although we see the men 
of both abstract and applied science group themselves in minor bodies for 
the better prosecution of special objects, the points of contact between 
the different branches of knowledge are ever multiplying, all tending to 


form part of a mighty tree—the tree of modern science—under whose 
B2 
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ample shadow its cultivators will find it both profitable and pleasant to 
meet, at least once a year; and considering that this tree is not the 
growth of one country only, but spreads both its roots and branches 
far and wide, it appears desirable that at these yearly gatherings other 
nations should be more fully represented than has hitherto been the case. 
The subjects discussed at our meetings are without exception of general 
interest, but many of them bear an international character, such as the 
systematic collection of magnetic, astronomical, meteorological, and 
geodetical observations, the formation of a universal code for signalling 
at sea, and for distinguishing lighthouses, and especially the settle- 
ment of scientific nomenclatures and units of measurement, regarding all 
of which an international accord is a matter of the utmost practical im- 
portance. 

As regards the measures of length and weight it is to be regretted 
that this country still stands aloof from the movement initiated in France 
towards the close of last century; but, considering that in scientific 
work metrical measure is now almost universally adopted, and that its 
use has been already legalised in this country, I venture to hope that 
its universal adoption for commercial purposes will soon follow as a 
matter of course. The practical advantages of such a measure to the 
trade of this country would, I am convinced, be very great, for English 
goods, such as machinery or metal rolled to current sections, are now 
almost excluded from the continental market, owing to the unit measure 
employed in their production. The principal impediment to the adoption 
of the metre consists in the strange anomaly that although it is legal 
to use that measure in commerce, and although a copy of the standard 
metre is kept in the Standards’ Department of the Board of Trade, it 
is impossible to procure legalised rods representing it, and to use a non- 
legalised copy of a standard in commerce is deemed fraudulent. Would 
it not be desirable that the British Association should endeavour to bring 
abort the use in this country of the metre and kilogramme, and, as a 
preliminary step, ask the Government to be represented on the Inter- 
national Metrical Commission, whose admirable establishment at Sévreg 
possesses, independently of its practical work, considerable scientific in- 


terest, as a well-found laboratory for developing methods of precisa 
measurement ? 


Next in importance to accurate measures of length, weight, and time, 
stand, for the purposes of modern science, those of electricity. 

The remarkably clear lines separating conductors from non-con- 
ductors of electricity, and magnetic from non-magnetic substances, enable 
us to measure electrical quantities and effects with almost mathematical 
precision; and, although the ultimate nature of this, the youngest 
scientifically investigated form of energy, is yet wrapt in mystery, its 
laws are the most clearly established, and its measuring instruments 
galvanometers, electrometers, and magnetometers) are amongst the. 


ADDRESS. 5 


most accurate in physical science. Nor could any branch of science or 
industry be named in which electrical phenomena do not occur, to exer- 
cise their direct and important influence. 

If, then, electricity stands foremost amongst the exact sciences, it 
follows that its unit measures should be determined with the utmost 
accuracy. Yet, twenty years ago, very little advance had been made 
towards the adoption of a rational system. Ohm had, it is true, given 
us the fixed relations existing between electromotive force, resistance and 
quantity of current; Joule had established the dynamical equivalent of 
heat and electricity, and Gauss and Weber had proposed their elaborate 
system of absolute magnetic measurement. But these invaluable re- 
searches appeared only as isolated efforts, when, in 1862, the Electric 
Unit Committee was appointed by the British Association, at the instance 
of Sir William Thomson, and it is to the long-continued activity of this 
Committee that the world is indebted for a consistent and practical 
system of measurement, which, after being modified in details, received 
universal sanction last year by the International Electrical Congress 
assembled at Paris. 

At this Congress, which was attended officially by the leading 
physicists of all civilised countries, the attempt was successfully made to 
bring about a union between the statical system of measurement that had 
been followed in Germany and some other countries, and the magnetic or 
dynamical system developed by the British Association, also between the 
geometrical measure of resistance, the (Werner) Siemens unit, that had 
been generally adopted abroad, and the British Association unit in- 
tended as a multiple of Weber’s absolute unit, though not entirely fulfil- 
ling that condition. The Congress, while adopting the absolute system 
of the British Association, referred the final determination of the unit 
measure of resistance to an International Committee, to be appointed by 
the representatives of the several Governments; they decided to retain 
the mercury standard for reproduction and comparison, by which means 
the advantages of both systems are happily combined, and much valuable 
labour is utilised ; only, instead of expressing electrical quantities directly 
in absolute measure, the Congress has embodied a consistent system, 
based on the Ohm, the Centimetre, the Gramme, and the Second, in which 
the units are of a value convenient for practical measurements. In this, 
which we must hereafter know as the ‘ practical system,’ as distinguished 
from the ‘absolute system,’ the units are named after leading physicists, 
the Ohm, Ampére, Volt, Coulomb, and Farad. 

I would venture to suggest that two further units might, with advan- 
tage, be added to the system decided on by the International Congress 
at Paris. The first of these is the unit of magnetic quantity or pole. 
It is of much importance, and few will regard otherwise than with 
satisfaction the suggestion of Clausius that the unit should be called a 
‘Weber,’ thus retaining a name most closely connected with electrical 
measurements, and only omitted by the Congress in order to ayoid the 
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risk of confusion in the magnitude of the unit cirrent with which his 
name had been formerly associated. 

The other unit I would suggest adding to the list is that of power. 
The power conveyed by a current of an Ampere through the difference of 
potential of a Volt is the unit consistent with the practical system. It 
might be appropriately called a Watt, in honour of that master mind 
in mechanical science, James Watt. He it was who first had a clear 
physical conception of power, and gave a rational method of measuring it. 
A Watt, then, expresses the rate of an Ampére multiplied by a Volt, 
whilst a horse-power is 746 Watts, and a Cheval de Vapeur 735. 

The system of electro-magnetic units would then be :— 


(1) Weber, the unit of magnetic quantity = 10° C.G:S. Units. 
(2) Ohm i 5 resistance = 109 4; 
(8) Volt }5 », electromotive force = 108 i 
(4) Ampére 5 i current Spat a 
(5) Coulomb _,, * quantity =r gi 
(6) Watt +9 » power oy $5 
(7) Farad # 43 capacity =10- a 


Before the list can be looked upon as complete two other units may 
have to be added, the one expressing that of magnetic field, and the 
other of heat in terms of the electro-magnetic system. Sir William 
Thomson suggested the former at the Paris Congress, and pointed out 
that it would be proper to attach to it the name of Gauss, who first 
theoretically and practically reduced observations of terrestrial magnetism 
to absolute measure. A Gauss will, then, be defined as the intensity of 
field produced by a Weber at a distance of one centimetre; and the 
Weber will be the absolute C.G.S. unit strength of magnetic pole. 
Thus the mutual force between two ideal point-poles, each of one Weber 
strength held at unit distance asunder, will be one dyne; that is to 
say, the force which, acting for a second of time on a gramme of matter, 
generates a velocity of one centimetre per second. 

The unit of heat has hitherto been taken variously as the heat re- 
quired to raise a pound of water at the freezing-point through 1° Fahren- 
heit or Centigrade, or, again, the heat necessary to raise a kilogramme of 
water 1° Centigrade. The inconvenience of a unit so entirely arbitrary 
is sufficiently apparent to justify the introduction of one based on the 
electro-magnetic system, viz. the heat generated in one second by the 
current of an Ampére flowing through the resistance of an Ohm. In 
absolute measure its value is 107 C.G.S. units, and, assuming Joule’s 
equivalent as 42,000,000, it is the heat necessary to raise 0°238 grammes 
of water 1° Centigrade, or, approximately, the ,,),;th part of the arbitrary 
unit of a pound of water raised 1° Fahrenheit and the zopoth of the 
kilogramme of water raised 1° Centigrade. Such a heat unit, if found 
acceptable, might with great propriety, I think, be called the Joule, 
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after the man who has done so much to develop the dynamical theory 
of heat. 

Professor Clausius urges the advantages of the statical system of 
measurement for simplicity, and shows that the numerical values of the 
two systems can readily be compared by the introduction of a factor, 
which he proposes to call the critical velocity ; this, Weber has already 
shown to be nearly the same as the velocity of light. It is not imme- 
diately evident how by the introduction of a simple multiple, signifying 
a velocity, the statical can be changed into dynamical values, and I am 
indebted to my friend Sir William Thomson for an illustration which 
struck me as remarkably happy and convincing. Imagine a ball of con- 
ducting matter so constituted that it can at pleasure be caused to shrink. 
Now let it first be electrified and left insulated with any quantity of 
electricity on it. After that, let it be connected with the earth by an 
excessively fine wire or a not perfectly dry silk fibre ; and let it shrink 
just so rapidly as to keep its potential constant, till the whole charge is 
carried off. The velocity with which its surface approaches its centre is 
the electrostatic measure of the conducting power of the fibre. Thus we 
see how ‘conducting power’ is, in electrostatic theory, properly measured 
in terms of a velocity. Weber had shown how, in electromagnetic 
theory, the resistance, or the reciprocal of the conducting power of a 
- conductor, is properly measured by a velocity. The critical velocity, 
which measures the conducting power in electrostatic reckoning and the 
resistance in electromagnetic, of one and the same conductor, measures 
the number of electrostatic units in the electromagnetic unit of electric 
quantity. 

Without waiting for the assembling of the International Committee 
charged with the final determination of the Ohm, one of its most dis- 
tinguished members, Lord Rayleigh, has, with his collaborateure, Mrs. 
Sidgwick, continued his important investigation in this direction at the 
Oavendish Laboratory, and has lately placed before the Royal Society a 
result which will probably not be surpassed in accuracy. His redetermi- 
nation brings him into close accord with Dr. Werner Siemens, their two 
values of the mercury unit being 0°95418 and 0:9536 of the B.A. unit 
respectively, or 1 mercury unit = 0°9413 x 10° C.G.S. units. 

Shortly after the publication of Lord Rayleigh’s recent results, Messrs, 
Glazebrook, Dodds, and Sargant, of Cambridge, communicated to the 
Royal Society two determinations of the Ohm, by different methods; 
and it is satisfactory to find that their final values differ only in the fourth 
decimal, the figures being, according to 


Earth Quadrant 
Second 


Messrs. Glazebrook, ete. = 0'986271 ” 


Lord Rayleigh . » 1Ohm= 0:98651 


Professor B. Wiedemann, of Leipzig, has lately called attention to the 
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importance of having the Ohm determined in the most accurate manner 
possible, and enumerates four distinct methods, all of which should 
unquestionably be tried with a view of obtaining concordant results, 
because upon its accuracy will depend the whole future system of 
measurement of energy of whatever form. 


The word Energy was first used by Young in a scientific sense, and 
represents a conception of recent date, being the outcome of the labours 
of Carnot, Mayer, Joule, Grove, Clausius, Clerk-Maxwell, Thomson, 

. Stokes, Helmholtz, Macquorn-Rankine, and other labourers, who have 
accomplished for the science regarding the forces in Nature what we owe 
to Lavoisier, Dalton, Berzelius, Liebig, and others, as regards Chemistry. 
In this short word Energy we find all the efforts in nature, including 
electricity, heat, light, chemical action, and dynamics, equally represented, 
forming, to use Dr. T'yndall’s apt expression, so many ‘modes of motion.’ It 
will readily be conceived that when we have established a fixed numerical 
relation between these different modes of motion, we know beforehand 
what is the utmost result we can possibly attain in converting one form 
of energy into another, and to what extent our apparatus for effecting 
the conversion falls short of realising it. The difference between 
ultimate theoretical effect and that actually obtained is commonly called 
loss, but, considering that energy is indestructible, represents really 
secondary effect which we obtain without desiring it. Thus friction in 
the working parts of a machine represents a loss of mechanical effect, but 
is a gain of heat, and in like manner the loss sustained in transferring 
electrical energy from one point to another is accounted for by heat 
generated in the conductor. It sometimes suits our purpose to augment 
the transformation of electrical into heat energy at certain points of the 
circuit, when the heat rays become visible, and we have the incandescence 
electric light. In effecting a complete severance of the conductor for a 
short distance, after the current has been established, a very great local 
resistance is occasioned, giving rise to the electric arc, the highest develop- 
ment of heat ever attained. Vibration is another form of lost energy in 
mechanism, but who would call it a loss if it proceeded from the violin of 
a Joachim or a Norman-Neruda ? 

Electricity is the form of energy best suited for transmitting an effect 
from one place to another; the electric current passes through certain 
substances—the metals—with a velocity limited only by the retarding 
influence caused by electric charge of the surrounding dielectric, but 
approaching probably under favourable conditions that of radiant heat 
and light, or 300,000 kilometres per second; it refuses, however, to pass 
through oxidised substances, glass, gums, or through gases except when 
in a highly rarefied condition. It is easy therefore to confine the electric 
current within bounds, and to direct it through narrow channels of 
extraordinary length. The conducting wire of an Atlantic cable is 
such a narrow channel; it consists of a copper wire, or strand of 
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wires, 5 mm. in diameter, by nearly 5,000 kilometres in length, con- 
fined electrically by a coating of guttapercha about 4 mm. in thick- 
ness. The electricity from a small galvanic battery passing into 
this channel prefers the long journey to America in the good con- 
ductor, and back through the earth, to the shorter journey across the 
4 mm. in thickness of insulating material. By an improved arrange- 
ment the alternating currents employed to work long submarine cables 
do not actually complete the circuit, but are merged in a condenser at 
the receiving station after having produced their extremely slight but 
certain effect upon the receiving instrument, the beantifulsyphon recorder . 
of Sir William Thomson. So perfect is the channel and so precise the 
action of both the transmitting and receiving instruments employed, that 
two systems of electric signals may be passed simultaneously through the 
same cable in opposite directions, producing independent records at either 
end. By the application of this duplex mode of working to the Direct 
United States cable under the superintendence of Dr. Muirhead, its 
transmitting power was increased from twenty-five to sixty words a 
minute, being equivalent to about twelve currents or primary impulses 
per second. In transmitting these impulse-currents simultaneously from 
both ends of the line, it must not be imagined, however, that they pass 
each other in the manner of liquid waves belonging to separate systems ; 
such a supposition would involve momentum in the electric flow, and 
although the effect produced is analogous to such an action, it rests upon 
totally different grounds—namely, that of a local circuit at each terminus 
being called into action automatically whenever two similar currents are 
passed into the line simultaneously from both ends. In extending this 
principle of action quadruplex telegraphy has been rendered possible, 
although not yet for long submarine lines. 

The minute currents here employed are far surpassed as regards delicacy 
and frequency by those revealed to us by that marvel of the present day, the 
telephone. The electric currents caused by the vibrations of a diaphragm 
acted upon by the human voice naturally vary in frequency and intensity 
according to the number and degree of those vibrations, and each motor 
current in exciting the electro-magnet forming part of the receiving 
instrument deflects the iron diaphragm occupying the position of an 
armature to a greater or smaller extent according toits strength. Savart 
found that the fundamental Ja springs from 440 complete vibrations in a 
second, but what must be the frequency and modulations of the motor 
current and of magnetic variations necessary to convey to the ear, 
through the medium of a vibrating armature, such a complex of human 
voices and of musical instruments as constitutes an opera performance ? 
And yet such performances could be distinctly heard and even enjoyed, 
as an artistic treat, by applying to the ears a pair of the double tele- 
phonic receivers at the Paris Electrical Exhibition, when connected with 
a pair of transmitting instruments in front of the footlights of the Grand 
Opera. In connection with the telephone, and with its equally remarkable 
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adjunct the microphone, the names of Riess, Graham Bell, Edison, and 
Hughes will ever be remembered. 

Considering the extreme delicacy of the currents working a telephone, 
it is obvious that those caused by induction from neighbouring tele- 
graphic line wires would seriously interfere with the former, and mar the 
speech or other sounds produced through their action. To avoid such 
interference the telephone wires if suspended in the air require to be 
placed at some distance from telegraphic line wires, and to be supported 
by separate posts. Another way of neutralising interference consists in 
twisting two separately insulated telephone wires together, so as to form 
a strand, and in using the two conductors as a metallic circuit to the 
exclusion of the earth; the working current will, in that case, receive 
equal and opposite inductive influences, and will therefore remain un- 
affected by them. On the other hand two insulated wires instead of one 
are required for working one set of instruments; and a serious increase 
in the cost of installation is thus caused. To avoid this Mr. Jacob 
has lately suggested a plan of combining pairs of such metallic cireuits 
again into separate working pairs, and these again with other 
working pairs, whereby the total number of telephones capable of being 
worked without interference is made to equal the total number of 
single wires employed. The working of telephones and telegraphs in 
metallic circuit has the further advantage that mutual volta induction 
between the outgoing and returning currents favours the transit, and 
neutralises on the other hand the retarding influence caused by change in 
underground or submarine conductors. These conditions are particularly 
favourable to underground line wires, which possess other important 
advantages over the still prevailing overground system, in that they 
are unaffected by atmospheric electricity, or by snowstorms and heavy 
gales, which at not very rare intervals of time put us back to pre- 
telegraphic days, when the letter-carrier was our swiftest messenger. 

The underground system of telegraphs, first introduced into Germany 
by Werner Siemens in the years 1847-48, had to yield for a time to the 
overground system owing to technical difficulties; but it has been again 
resorted to within the last four years, and multiple Jand cables of solid 
construction now connect all the important towns of that country. The 
first cost of such a system is no doubt considerable (being about 887. per 
kilometre of conductor as against 8/. 10s. the cost of land lines) ; but as 
the underground wires are exempt from frequent repairs and renewals, 
and as they insure continuity of service, they are decidedly the cheaper 
and better in the end. The experience afforded by the early introduction 
of the underground system in Germany was not, however, without its 
beneficial results, as it brought to light the phenomena of lateral 
induction, and of faults in the insulating coating, matters which had to be 
understood before submarine telegraphy could be attempted with any 
reasonable prospect of success. 

Regarding the transmission of power to a distance the electric current 
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has now entered the lists in competition with compressed air, the 
hydraulic accumulator, and the quick running rope as used at Schaff- 
hausen to utilise the power of the Rhine fall. The transformation of 
electrical into mechanical energy can be accomplished with no further 
loss than is due to such incidental causes as friction and the heating of 
wires ; these in a properly designed dynamo-electric machine do not exceed 
ten per cent., as shown by Dr. John Hopkinson, and, judging from recent 
experiments of my own, a still nearer approach to ultimate perfection is 
attainable. Adhering, however, to Dr. Hopkinson’s determination for 
safety’s sake, and assuming the same percentage in reconverting the 
current into mechanical effect, a total loss of 19 per cent. results. To 
this loss must be added that through electrical resistance in the connecting 
line wires, which depends upon their length and conductivity, and that 
due to heating by friction of the working parts of the machine. Taking 
these as being equal to the internal losses incurred in the double pro- 
cess of conversion, there remains a useful effect of 100 — 38 = 62 per 
cent., attainable at a distance, which agrees with experimental results, 
although in actual practice it would not be safe at present to expect more 
than 50 per cent. of ultimate useful effect, to allow for all incidental losses. 

In using compressed air or water for the transmission of power, the 
loss cannot be taken at less than 50 per cent., and, as it depends upon 
fluid resistance, it increases with distance more rapidly than in the case of 
electricity. Taking the loss of effect in all cases as 50 per cent., electric 
transmission presents the advantage that an insulated wire does the work 
of a pipe capable of withstanding high internal pressure, which latter 
must be more costly to put down and to maintain. A second metallic 
conductor is required, however, to complete the electrical circuit, as the 
conducting power of the earth alone is found unreliable for passing 
quantity currents, owing to the effects of polarization; but as this second 
conductor need not be insulated, water or gas pipes, railway metals 
or fencing wire, may be called into requisition for this purpose. The 
small space occupied by the electro-motor, its high working speed, 
and the absence of waste products, render it specially available for the 
general distribution of power to cranes and light machinery of every 
description. A loss of effect of 50 per cent. does not stand in the way 
of such applications, for it must be remembered that a powerful central 
engine of best construction produces motive power with a consumption 
of two pounds of coal per horse-power per hour, whereas small engines 
distributed over a district would consume not less than five; we thus 
see that there is an advantage in favour of electric transmission as 
regards fuel, independently of the saving of labour and other collateral 
benefits, which more than compensate for interest on the cost of instal- 
lation. 

To agriculture, electric transmission of power seems well adapted for 
effecting the various operations of the farm and fields from one centre. 
Having worked such a system myself in combination with electric lighting 
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and horticulture for upwards of two years, I can speak with confidence 
of its economy, and of the facility with which the work is accomplished 
in charge of untrained persons. 


As regards the effect of the electric light upon vegetation there is 


little to add to what was stated in my paper read before Section A 
last year, and ordered to be printed with the Report, except that in 
experimenting upon wheat, barley, oats, and other cereals sown in the 
open air, there was a marked difference between the growth of the plants 
influenced and those uninfluenced by the electric light. This was not 
very apparent till towards the end of February, when, with the first 
appearance of mild weather, the plants under the influence of an electric 
lamp of 4,000 candle power placed about 5 metres above the surface, 
developed with extreme rapidity, so that by the end of May they stood 
above 4: feet high, with the ears in full bloom, when those not under its 
influence were under 2 feet in height, and showed no sign of the ear. 

In the electric railway first constructed by Dr. Werner Siemens, at 
Berlin, in 1879, electric energy was transmitted to the moving carriage 
or train of carriages, through the two rails upon which it moved, these 
being sufficiently insulated from each other by being placed upon well 


creosoted cross sleepers. At the Paris Electrical Exhibition the current: 


was conveyed through two separate conductors making sliding or 
rolling contact with the carriage, whereas in the electric railway now in 
course of construction in the north of Ireland (which when completed 
will have a length of twelve miles) a separate conductor will be pro- 
vided by the side of the railway, and the return circuit completed 
through the rails themselves, which in that case need not be insulated ; 
secondary batteries will be used to store the surplus energy created in 
running downhill, to be restored in ascending steep inclines, and for passing 
roadways where the separate insulated conductor is not practicable. 
The electric railway possesses great advantages over horse or steam-power 
for towns, in tunnels, and in all cases where natural sources of energy, 
such as waterfalls, are available ; but it would not be reasonable to sup- 
pose that it will in its present condition compete with steam propulsion 
upon ordinary railways. The transmission of power by means of electric 
conductors possesses the further advantage over other means of trans- 
mission that, provided the resistance of the rails be not very great, the 
power communicated to the locomotive reaches its maximum when the 
motion is at its minimum—that is, in commencing to work, or when 
encountering an exceptional resistance—whereas the utmost economy is 
produced in the normal condition of working when the velocity of the 
power-absorbing nearly equals that of the current-producing machine. 
The deposition of metals from their solutions is perhaps the oldest of 
all useful applications of the electric current, but it is only in very recent 
times that the dynamo current has been practically applied to the refining 
of copper and other metals, as now practised at Birmingham and else- 
where, and upon an exceptionally large scale at Ocker, in Germany, 
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where the motive power is derived from a water-wheel. The dynamo 
machine there employed was exhibited at the Paris Electrical Exhibition 
by Dr. Werner Siemens, its peculiar feature being that the conductors 
upon the rotating armature consisted of solid bars of copper 30 mm. 
square, in section, which were found only just sufficient to transmit the 
large quantity of electricity of low tension necessary for this operation. 
One such machine consuming 4-horse power deposits about 300 kilo- 
grammes of copper per 24 hours. 

Electric energy may also be employed for heating purposes, but in 
this case it would obviously be impossible for it to compete in point of 
economy with the direct combustion of fuel for the attainment of ordinary 
degrees of heat. Bunsen and St. Claire De Ville have taught us, how- 
ever, that combustion becomes extremely sluggish when a temperature of 
1,800° C. has been reached, and for effects at temperatures exceeding that 
limit the electric furnace will probably find advantageous applications. 
Its specific advantage consists in being apparently unlimited in the degree 
of heat attainable, thus opening out a new field of investigation to the 
chemist and metallurgist. Tungsten has been melted in such a furnace, 
and 8 pounds of platinum have been reduced from the cold to the liquid 
condition in 20 minutes. 

The largest and most extensive application of electric energy at the 
present time is to lighting, but, considering how much has of late been 
said and written for and against this new illuminant, I shall here 
confine myself to a few general remarks. Joule has shown that if an 
electric current is passed through a conductor the whole of the energy 
lost by the current is converted into heat; or, if the resistance be 
localised, into radiant energy, comprising heat, light, and actinic rays. 
Neither the low heat rays nor the ultra-violet of highest refrangibility 
affect the retina, and may be regarded as lost energy, the effective rays 
being those between the red and violet of the spectrum, which in their 
combination produce the effect of white light. 

Regarding the proportion of luminous to non-luminons rays proceeding 
from an electric arc or incandescent wire, we have a most valuable 
investigation by Dr. Tyndall, recorded in his work on ‘ Radiant Heat.’ 
Dr. Tyndall shows that the luminous rays from a platinum wire heated 
to its highest point of incandescence, which may be taken at 1,700° C., 
formed ;';th part of the total radiant energy emitted, and ;),th part in 
the case of an are light worked by a battery of 50 Grove’s elements. 
Tn order to apply these valuable data to the case of electric lighting 
by means of dynamo currents, it is necessary in the first place to deter- 
mine what is the power of 50 Grove’s elements of the size used by 
Dr. Tyndall, expressed in the practical scale of units as now established. 
From a few experiments lately undertaken for myself, it would appear 
that 50 such cells have an electro-motive force of 98°5 Volts, and an 
internal resistance of 13°5 Ohms, giving a current of 7°38 Ampéres when 


the cells are short-circuited. The resistance of a regulator such as Dr. 
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Tyndall used in his experiments may be taken at 10 Ohms, the current 
98°5 
13°5+1041 
Ohm for the leads), and the power consumed 10 x 4? = 160 Watts; the 
light power of such an arc would be about 150 candles, and, comparing 
this with an are of 3,308 candles produced by 1,162 Watts, we find that 

WG 6 TG) 1e., 22 
160 oan AS 150 7. ees 
times the amount of light measured horizontally. If, therefore, in Dr. 
Tyndall’s arc ,th of the radiant energy emitted was visible as light, it 

1 220 
10. ee? 
luminous rays. In the case of the incandescent light (say a Swan light 
of 20 candle power) we find in practice that 9 times as much power has 
to be expended as in the case of the are light; hence } x } =), part of 
the power is given out as luminous rays, as Shor th in Dr. . Pyndall’s 
incandescent platinum—a result sufficiently eee ehh os considering the 
wide difference of conditions under which the two are compared. 

These results are not only of obvious practical value, but they seem to 
establish a fixed relation between current, temperature, and light produced, 
which may serve as a means to determine temperatures exceeding the 
melting point of platinum with greater accuracy than has hitherto been 
possible by actinimetric methane 4 in which the thickness of the luminous 
atmosphere must necessarily exercise a disturbing influence. It is probably 
owing to this circumstance that the temperature of the electric arc as well 
as that of the solar photosphere has frequently been greatly over-estimated. 

The principal argument in favour of the electric light is furnished by 
its immunity from products of combustion which not only heat the 
lighted apartments, but substitute carbonic acid and deleterious sulphur 
compounds for the oxygen upon which respiration depends; the electric 
light is white instead of yellow, and thus enables us to see pictures, furni- 
ture, and flowers as by daylight; it supports growing plants instead of 
poisoning them, and by its means we can carry on photography and 
many other industries at night as well as during the day. The objec- 
tion frequently urged against the electric light, that it depends upon 
the continuous motion of steam or gas engines, which are liable to 
accidental stoppage, is met by the introduction into practical use of the 
secondary battery ; this, althongh not embodying a new conception, has 
lately been greatly improved in power and constancy by Planté, Faure, 
Volckmar, Sellon, and others, and promises to accomplish for electricity 
what the gas-holder has done for the supply of gas and the accumulator 
for hydraulic transmission of power. 

It can no longer be a matter of reasonable doubt, therefore, that 
electric lighting will take its place as a public illuminant, and that, even 
though its cost should be found greater than that of gas, it will be 
preferred for the lighting of drawing-rooms and dining-rooms, theatres 


produced in the are would be = 4 Ampéres (allowing one 


7-3 times the electric energy produce 


follows that in a powerful are of 3,300 candles, — or fully 4, are 
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and concert-rooms, museums, churches, warehouses, show-rooms, print- 
ing establishments and factories, and also the cabins and engine-rooms of 
passenger steamers. In the cheaper and more powerful form of the arc 
light, it has proved itself superior to any other illuminant for spreading 
artificial daylight over the large areas of harbours, railway stations, and 
the sites of public works. When placed within a holophote the electric 
lamp has already become a powerful auxiliary in effecting military opera- 
tions both by sea and land. 

The electric light may be worked by natural sources of power such as 
waterfalls, the tidal wave, or the wind, and it is conceivable that these 
may be utilised at considerable distances by means of metallic conductors. 
Some five years ago I called attention to the vastness of those sources 
of energy, and the facility offered by electrical conduction in rendering 
them available for lighting and power-supply, while Sir William Thomson 
made this important matter the subject of his admirable address to 
Section A last year at York, and dealt with it in an exhaustive manner. 

The advantages of the electric light and of the distribution of power 
by electricity have lately been recognised by the British Government, which 
has just passed a Bill through Parliament to facilitate the establishment 
of electrical conductors in towns, subject to certain regulating clauses to 
protect the interests of the public and of local authorities. Assuming the 
cost of electric light to be practically the same as gas, the preference for 
one or other will in each application be decided upon grounds of relative 
convenience, but I venture to think that gas-lighting will hold its own 
as the poor man’s friend. 


Gas is an institution of the utmost value to the artisan; it requires 
hardly any attention, is supplied upon regulated terms, and gives with 
what should bea cheerful light a genial warmth, which often saves the 
lighting of a fire. The time is moreover not far distant, I venture to 
think, when both rich and poor will largely resort to gas as the most 
convenient, the cleanest, and the cheapest of heating agents, and when 
raw coal will be seen only at the colliery or the gasworks. In all 
cases where the town to be supplied is within say 30 miles of the 
colliery, the gasworks may with advantage be planted at the mouth, or 
still better at the bottom of the pit, whereby all haulage of fuel would 
be avoided, and the gas, in its ascent from the bottom of the colliery, 
would acquire an onward pressure sufficient probably to impel it to its 
destination. The possibility of transporting combustible gas through 
pipes for such a distance has been proved at Pittsburg, where natural cas 
from the oil district is used in large quantities for heating purposes. 

The quasi monopoly so long enjoyed by gas companies has had the 
inevitable effect of checking progress. The gas being supplied by meter, 
it has been seemingly to the advantage of the companies to give 
merely the prescribed illuminating power, and to discourage the inven- 
tion of economical burners, in order that the consumption might reach a 
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maximum. The application of gas for heating purposes has not been 
encouraged, and is still made difficult in consequence of the objectionable 
practice of reducing the pressure in the mains during daytime to the 
lowest possible point consistent with prevention of atmospheric indraught. 
The introduction of the electric light has convinced gas managers and 
directors that such a policy is no longer tenable, but must give way to 
one of technical progress; new processes for cheapening the production 
and increasing the purity and illuminating power of gas are being fully 
discussed before the Gas Institute ; and improved burners, rivalling the 
electric light in brilliancy, greet our eyes as we pass along our principal 
thoroughfares. 

Regarding the importance of the gas supply as it exists at present, 
we find from a Government return that the capital invested in gasworks 
in England, other than those of local authorities, amounts to 30,000,0002.; 
in these 4,281,048 tons of coal are converted annually, producing 43,000 
million cubic feet of gas, and about 2,800,000 tons of coke ; whereas the 
total amount of coal annually converted in the United Kingdom may be 
estimated at 9,000,000 tons, and the by-products therefrom at 500,000 
tons of tar, 1,000,000 tons of ammonia liquor, and 4,000,000 tons of coke, 
according to the returns kindly furnished me by the managers of many 
of the gasworks and corporations. To these may be added say 120,000 
tons of sulphur, which up to the present time is a waste product. 

Previous to the year 1856—that is to say, before Mr. W. H. Perkin 
had invented his practical process, based chiefly upon the theoretical 
investigations of Hofman, regarding the coal-tar bases and the chemical 
constitution of indigo—the value of coal-tar in London was scarcely a 
halfpenny a gallon, and in country places gas-makers were glad to give 
it away. Up to that time the coal-tar industry had consisted chiefly in 
separating the tar by distillation into naphtha, creosote, oils, and pitch. 
A few distillers, however, made small quantities of benzene, which had 
been first shown—by Mansfield, in 1849—to exist in coal-tar naphtha 
mixed with toluene, cumene, &c. The discovery, in 1856, of the mauve 
or aniline purple gave a great impetus to the coal-tar trade, inasmuch 
as it necessitated the separation of large quantities of benzene, or a 
mixture of benzene and toluene, from the naphtha. The trade was 
further increased by the discovery of the magenta or rosaniline dye, 
which required the same products for its preparation. In the mean- 
time, carbolic acid was gradually introduced into commerce, chiefly as 
a disinfectant, but also for the production of colouring matter. 

The next most important development arose from the discovery by 
Grebe and Liebermann that alizarine, the colouring principle of the 
madder root, was allied to anthracene, a hydrocarbon existing in coal-tar. 
The production of this colouring matter from anthracene followed, and 
is now one of the most important operations connected with tar-distilling. 
The success of the alizarine made in this manner has been so great that 
it has almost entirely superseded the use of madder, which is now culti- 
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vated to only a comparatively small extent. The most itnportant colour- 
ing matters recently introduced are the azo-scarlets. They have called 
into use the coal-tar hydrocarbons, xylene and cumene. Naphthalene is 
also used in their preparation. These splendid dyes have replaced 
cochineal in many of its applications, and have thus seriously interfered 
with its use. The discovery of artificial indigo by Professor Baeyer is 
of great interest. For the preparation of this colouring matter toluene is 
required. At present artificial indigo does not compete seriously with 
the natural product; but should it eventually be prepared in quantity 
from toluene, a further stimulus will be given to the coal-tar trade. 

The colour industry utilises even now practically all the benzene, a 
large proportion of the solvent naphtha, all the anthracene, and a portion 
of the naphthalene resulting from the distillation of coal-tar; and the 
value of the colouring matter thus produced is estimated by Mr. Perkin 
at 3,350,0001. 

The demand for ammonia may be taken as unlimited, on account of 
its high agricultural value as a manure; and, considering the failing 
supply of guano and the growing necessity for stimulating the fertility of 
our soil, an increased production of ammonia may be regarded as a matter 
of national importance, for the supply of which we have to look almost 
exclusively to our gasworks. The present production of 1,000,000 tons 
of liquor yields 95,000 tons of sulphate of ammonia; which, taken at 
207. 10s. a ton, represents an annual value of 1,947,500. 

The total annual value of the gasworks’ by-products may be estimated 
as follows :— 


Colouring matter . i ‘ 5 ‘ . . » £3,350,000 
Sulphate of ammonia . ’ r ; y , - 1,947,500 
Pitch (825,000 tons) . ; é 3 A ‘ 365,000 
Creosote (25,000,000 eallonsy 4 5 P F 208,000 
Crude carbolic acid (1,000,000 eines) é : 100,000 

Gas coke, 4,000,000 tons (after allowing 2,000, 000 tons 
consumption in working the retorts) at 12s. . . 2,400,000 
Total - . . 5 . £8,370,500 


Taking the coal used, 9,000,000 tons, at 12s., equal 5,400,0007. ; it 
follows that the by-products alone exceed in value the coal used by 
very nearly 3,000,000. 

In using raw coal for heating purposes these valuable products are 
not only absolutely lost to us, but in their stead we are favoured with 
those semi-gaseous by-products in the atmosphere too well known to the 
denizens of London and other large towns as smoke. Professor Roberts 
has calculated that the soot in the pall hanging over London on a 
winter’s day amounts to fifty tons, and that the carbon present as 
hydrocarbons and in the half-burnt form of carbonic oxide, a poisonous 
compound, resulting from the imperfect combustion of coal, may he 
taken as at least five times that amount. Mr. Aitken has shown, 
moreover, in an interesting paper communicated to the Royal Society of 
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Edinburgh, last year, that the fine dust resulting from the imperfect 
combustion of coal is mainly instrumental in the formation of fog; each 
particle of solid matter attracting to itself aqueous vapour ; these glo- 
bules of fog are rendered particularly tenacious and disagreeable by the 
presence of tar vapour, another result of imperfect combustion of raw 
fuel, which might be turned to much better account at the dye-works. 
The hurtful influence of smoke upon public health, the great personal 
discomfort to which it gives rise, and the vast expense it indirectly 
causes through the destruction of our monuments, pictures, furniture, 
and apparel, are now being recognised, as is evinced by the success of 
recent Smoke Abatement Exhibitions. The most effectual remedy would 
result from a general recognition of the fact that wherever smoke is 
produced, fuel is being consumed wastefully, and that all our calorific 
effects, from the largest down to the domestic fire, can be realised as 
completely and more economically, without allowing any of the fuel 
employed to reach the atmosphere unburnt. This most desirable result 
may be effected by the use of gas for all heating purposes, with or without 
the addition of coke or anthracite. 

The cheapest form of gas is that obtained through the entire distilla- 
tion of fuel in such gas-producers as are now largely used in working 
the furnaces of glass, iron, and steel works; but gas of this description 
would not be available for the supply of towns, owing to its bulk, about 
two-thirds of its volume being nitrogen. The use of water-gas, resulting 
from the decomposition of steam in passing through a hot chamber filled 
with coke, has been suggested, but this gas also is objectionable, because 
it contains, besides hydrogen, the poisonous and inodorous gas carbonic 
oxide, the introduction of which into dwelling-houses could not be 
effected without considerable danger. A more satisfactory mode of 
supplying heating separately from illuminating gas would consist in 
connecting the retort at different periods of the distillation with two 
separate systems of mains for the delivery of the respective gases, as 
has been proposed by me elsewhere. Experiments made some years ago 
by Mr. Ellisen of the Paris gasworks have shown that the gases rich in 
carbon, such as olefiant and acetylene, are developed chiefly during an 
interval of time beginning half an hour after the commencement and 
terminating at half the whole period of distillation, whilst during the 
remainder of the time marsh gas and hydrogen are chiefly developed, 
which, while possessing little illuminating power, are most advantageous 
for heating purposes. By resorting to improved means of heating the 
retorts with gaseous fuel, such as have been in use at the Paris gasworks 
fora considerable number of years, the length of time for effecting each 
distillation may be shortened from six hours, the usual period in former 
years, to four, or even three hours, as now practised at Glasgow and else- 
where. By this means a given number of retorts can be made to produce, 
in addition to the former quantity of illuminating gas of superior quality, a 
similar quantity of heating gas, resulting in a diminished cost of production 
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and an increased supply of the valuable by-products previously referred 
to. The quantity of both ammonia and heating gas may be further 
increased by the simple expedient of passing a streamlet of steam through 
the heated retorts towards the end of each operation, whereby the 
ammonia and hydrocarbons still occluded in the heated coke will be 
evolved, and the volume of heating gas produced be augmented by the 
products of decomposition of the steam itself. It has been shown that 
gas may be used advantageously for domestic purposes with judicious 
management even under present conditions, and it is easy to conceive 
that its consumption for heating would soon increase, perhaps tenfold, if 
supplied separately at, say, 1s. a thousand cubic feet. At this price gas 
would be not only the cleanest and most convenient, but also the cheapest 
form of fuel, and the enormous increase of consumption, the superior 
quality of the illuminating gas obtained by selection, and the propor- 
tionate increase of by-products, would amply compensate the gas com- 
pany or corporation for the comparatively low price of the heating gas. 
The greater efficiency of gas as a fuel results chiefly from the cir- 
cumstance that a pound of gas yields in combustion 22,000 heat units, 
or exactly double the heat produced in the combustion of a pound of 


‘ordinary coal. This extra heating power is due partly to the freedom 


of the gas from earthy constituents, but chiefly to the heat imparted to it 
in effecting its distillation. Recent experiments with gas-burners have 
shown that in this direction also there is much room for improvement. 

The amount of light given out by a gas flame depends upon the 
temperature to which the particles of solid carbon in the flame are raised, 
and Dr. Tyndall has shown that, of the radiant energy set up in such a 
flame, only the ;};th part is luminous; the hot products of combustion 
carry off at least four times as much energy as is radiated, so that not more 
than one hundredth part of the heat evolved in combustion is converted 
into light. This proportion could be improved, however, by increasing 
the temperature of combustion, which may be effected either by intensified 
air currents or by regenerative action. Supposing that the heat of the 
products of combustion could be communicated to metallic surfaces, and 
be transferred by conduction or otherwise to the atmospheric air sup- 
porting combustion in the flame, we should be able to increase the tem- 
perature accumulatively to any point within the limit of dissociation ; 
this limit may be fixed at about 2,200° C., and cannot be very much 
below that of the electric arc. At such a temperature the proportion of 
luminous rays to the total heat produced in combustion would certainly be 
more than doubled, and the brilliancy of the light would at the same time 
be greatly increased. Thus improved, gas-lighting may continue its rivalry 
with electric lighting both as regards economy and brillianey, and such 
rivalry must necessarily result in great public advantage. 

In the domestic grate radiant energy of inferior intensity is required, 
and I for one do not agree with those who would like to see the open 
fireplace of this country superseded by the continental stove. The 
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advantages usually claimed for the open fireplace are, that it is cheerful, 
‘ pokable,’ and conducive to ventilation, but to these may be added another 
of even greater importance, viz. that the radiant heat which it emits passes 
through the transparent air without warming it, and imparts heat only 
to the solid walls, floor, and furniture of the room, which are thus con- 
stituted the heating surfaces of the comparatively cool air of the apart- 
ments in contact with them. In the case of stoves the heated air of 
the room causes deposit of moisture upon the walls in heating them, 
and gives rise to mildew and germs injurious to health. It is, I think, 
owing to this circumstance that upon entering an apartment one can 
immediately perceive whether or not it is heated by an open fireplace ; 
nor is the unpleasant sensation due to stove-heating completely removed 
by mechanical ventilation; there is, moreover, no good reason why an 
open fireplace should not be made as economical and smokeless as a stove 
or hot-water apparatus. 


In the production of mechanical effect from heat, gaseous fuel also 
presents most striking advantages, as will appear from the following con- 
sideration. When we have to deal with the question of converting 
mechanical into electrical effect, or vice versdé, by means of the dynamo- 
electrical machine, we have only to consider what are the equivalent 
values of the two forms of energy, and what precautions are necessary to 
avoid losses by the electrical resistance of conductors and by friction. 
The transformation of mechanical effect into heat involves no losses, except 
those resulting from imperfect installation, and these may be so completely 
avoided that Dr. Joule was able by this method to determine the equivalent 
values of the two forms of energy. Butin attempting the inverse operation, 
of effecting the conversion of heat into mechanical energy, we find our- 
selves confronted by the second law of thermo-dynamics, which says, that 
whenever a given amount of heat is converted into mechanical effect, 
another but variable amount descends from a higher to a lower potential, 
and is thus rendered unavailable. 

In the condensing steam engine this waste heat comprises that 
communicated to the condensing water, whilst the useful heat, or that 
converted into mechanical effect, depends upon the difference of tem- 
perature between the boiler and condenser. The boiler pressure is 
limited, however, by considerations of safety and convenience of con- 
struction, and the range of working temperature rarely exceeds 120° C. 
except in the engines constructed by Mr. Perkins, in which a range 
of 160° C., or an expansive action commencirg at 14 atmospheres, 
has been adopted with considerable success, as appears from an able 
report on this engine by Sir Frederick Bramwell. To obtain more ad- 
vantageous primary conditions we have to turn to the caloric or gas engine, 
because in them the coefficient of efficiency expressed by tor may be 
greatly increased. This value would reach a maximum if the initial 
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absolute temperature t could be raised to that of combustion, and 1’ 
reduced to atmospheric temperature, and these maximum limits can be 
much more nearly approached in the gas engine, worked by a combustible 
mixture of air and hydro-carbons, than in the steam engine. 

Assuming, then, in an explosive gas engine a temperature of 1,500° C, 
at a pressure of 4 atmospheres, we should, in accordance with the second 
law of thermo-dynamies, find a temperature after expansion to atmospheric 
pressure of 600° C., and therefore a working range of 1500°— 600°= 900°, 


and a theoretical efficiency of ee Dag = about one-half, contrasting 
very favourably with that of a good expansive condensing steam engine, 


in which the range is 150—30 = 120° C., and the efficienoy 9 = 
A good expansive steam engine is therefore capable of yielding as 
mechanical work 7th parts of the heat communicated to the boiler, which 
does not include the heat lost by imperfect combustion and_ that 
carried away in the chimney. Adding to these the losses by friction and 
radiation in the engine, we find that the best steam engine yet con- 
structed does not yield in mechanical effect more than 4th part of the 
heat energy residing in the fuel consumed. In the gas engine we have 
also to make reductions from the theoretical efficiency, on account of the 
rather serious loss of heat by absorption into the working cylinder, which 
has to be cooled artificially in order to keep its temperature down to a 
point at which lubrication is possible; this, together with frictional loss, 
cannot be taken at less than one-half, and reduces the factor of efficiency 
of the engine to }th. 

It follows from these considerations that the gas or caloric engine 
combines the conditions most favourable to the attainment of maximum 
results, and it may reasonably be supposed that the difficulties still in 
the way of their application on a large scale will gradually be removed. 
Before many years have elapsed we shall find in our factories and on 
board our ships engines with a fuel consumption not exceeding 1 pound 
of coal per effective horse power per hour, in which the gas producer takes 
the place of the somewhat complex and dangerous steam boiler. The 
advent of such an engine and of the dynamo-machine must mark a new 
era of material progress at least equal to that produced by the intro- 
duction of steam power in the early part of our century. Let us con- 
sider what would be the probable effect of such an engine upon that most 
important interest of this country—the merchant navy. 


According to returns kindly furnished me by the Board of Trade and 
‘Lloyds’ Register of Shipping,’ the total value of the merchant shipping 
of the United Kingdom may be estimated at 126,000,0001., of which 
90,000,0007. represent steamers having a net tonnage of 3,003,988 tons ; 
and 36,000,0001. sailing vessels, of 3,688,008 tons. The safety of this vast 
amount of shipping, carrying abont five-sevenths of our tatal imports 
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and exports, or 500,000,000/. of goods in the year, and of the more 
precious lives connected with it, is a question of paramount importance, 
It involves considerations of the most varied kind: comprising the con- 
struction of the vessel itself, and the material employed in building it ; its 
furniture of engines, pumps, sails, tackle, compass, sextant, and sounding 
apparatus, the preparation of reliable charts for the guidance of the 
navigator, and the construction of harbours of refuge, lighthouses, 
beacons, bells, and buoys, for channel navigation. Yet notwithstanding 
the combined efforts of science, inventive skill, and practical experience— 
the accumulation of centuries—we are startled with statements to the 
effect that during last year as many as 1,007 British-owned ships were lost, 
of which fully two-thirds were wrecked upon our shores, representing a 
total value of nearly 10,000,0007. Of these ships 870 were sailing vessels 
and 137 steamers. The number of sailing vessels included in these 
returns being 19,525, and of steamers 5,505, it appears that the steamer 
is the safer vessel, in the proportion of 4°43 to 3:46; but the steamer 
makes on an average three voyages for one of the sailing ship taken over 
the year, which reduces the relative risk of the steamer as compared 
with the sailing ship per voyage in the proportion of 13-29 to 3:46. Com- 
mercially speaking, this large factor of safety in favour of steam-shipping 
is to a great extent counterbalanced by the value of the steamship, 
which bears to that of the sailing vessel per net carrying ton the pro- 
portion of 3:1, thus reducing the ratio in favour of steam shipping as 
13:29 to 10°38, or in round numbers as 4:3. In testing this result 
by the charges of premium for insurance, the variable circumstances 
of distance, nature of cargo, season and voyage have to be taken into 
account; but judging from information received from shipowners and 
underwriters of undoubted authority, I find that the relative insurance 
paid for the two classes of vessel repfesents an advantage of 30 per cent. 
in favour of steam-shipping, agreeing very closely with the above de- 
ductions derived from statistical information. 

In considering the question how the advantages thus established in 
favour of steam-shipping could be further improved, attention should be 
called in the first place to the material employed in their construction. 
A new material was introduced for this purpose by the Admiralty in 
1876, when they constructed at Pembroke dockyard the two steam 
corvettes, the Iris and Mercury, of mild steel. The peculiar qualities of 
this material are such as to have enabled shipbuilders to save 20 per 
cent. in the weight of the ship’s hull, and to increase to that extent 
its carrying capacity. It combines with a strength 30 per cent. 
superior to that of iron, such extreme toughness that in the case of 
collision the side of the vessel has been found to yield or bulge several 
feet without showing any signs of rupture, a quality affecting the 
question of sea risk very favourably. When to the use of this material 
there are added the advantages derived from a double bottom and 
from the division of the ship’s hold by means of bulkheads of solid 
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construction, it is difficult to conceive how such a vessel could perish by 
collision either with another vessel or with a sunken rock. The spaces 
between the two bottoms are not lost, because they form convenient 
chambers for water ballast, but powerful pumps should in all cases be 
added to meet emergencies. 

The following statement of the number and tonnage of vessels building 
and preparing to be built in the United Kingdom on the 30th of June last, 
which has been kindly furnished me by Lloyds’, is of interest as showing 
that wooden ships are fast becoming obsolete, and that even iron is 
beginning to yield its place, both as regards steamers and sailing ships, to 
the new material mild steel ; it also shows that by far the greater number 
of vessels now building are ships of large dimensions propelled by engine 
power :— 


Mild Steel Tron Wood Total 
No. Tons gross No. Tons gross No. Tons gross No. Tons gross 
Steam . 89 159,751 , 555 929,921 . 6 460 . 659 1,090,132 
Sailing . 11 16,800 . 70 120,259 . 49 4,635 . 130 141,694 


100 176,551 . 625 1,050,180 . 55 5,095 . 780 1,239,826 


If, to the improvements already achieved, could be added an engine 
of half the weight of the present steam engine and boilers, and working 
with only half the present expenditure of fuel, a further addition of 30 
per cent. could be made to the cargo of an Atlantic propeller vessel—no 
longer to be called a steamer—and the balance of advantages in favour 
of such vessels would be sufficient to restrict the use of sailing craft 
chiefly to the regattas of this and neighbouring ports. 

The admirable work on the ‘ British Navy,’ lately published by Sir 
Thomas Brassey, the Civil Chief Lord of the Admiralty, shows that the 
naval department of this country is fully alive to all improvements having 
regard to the safety as well as to the fighting qualities of Her Majesty’s 
ships of war, and recent experience goes far to prove that although high 
speed and manoeuvring qualities are of the utmost value, the armour 
plate, which appeared to be fast sinking in public favonr, is not without its 
value in actual warfare. 

The progressive views perceptible in the construction of the navy are 
further evidenced in a remarkable degree in the hydrographic department. 
Captain Sir Frederick Evans, the hydrographer, gave us at York last year 
a very interesting account of the progress made in that department, which, 
while dealing chiefly with the preparation of charts showing the depth of 
water, the direction and force of currents, and the rise of tides near our 
shores, contains also valuable statistical information regarding the more 
general questions of the physical conditions of the sea, its temperature at 
various depths, its flora and fauna, as also the rainfalland the nature and 
force of prevailing winds. In connection with this subject the American 
Naval Department has taken an important part, under the guidance of 
Captain Maury and the Agassiz, father and son, whilst in this country the 
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persistent labours of Dr. William B. Carpenter deserve the highest com- 
mendation. 

Our knowledge of tidal action has received a most powerful impulse 
through the invention of a self-recording gauge and tide-predicter, 
which will form the subject of one of the discourses to be delivered 
at our present meeting by its principal originator, Sir William Thom- 
son; when I hope he will furnish us with an explanation of some 
extraordinary irregularities in tidal records, observed some years ago 
by Sir John Coode at Portland, and due apparently to atmospheric 
influence. 

The application of iron and steel in naval construction rendered the 
use of the compass for some time illusory, but in 1839 Sir George Airy 
showed how the errors of the compass, due to the influence experienced 
from the iron of the ship, may be perfectly corrected by magnets and soft 
iron placed in the neighbourhood of the binnacle ; but the great size of the 
needles in the ordinary compasses rendered the correction of the quadrantal 
errors practically unattainable. In 1876 Sir William Thomson invented 
a compass with much smaller needles than those previously used, which 
allows Sir George Airy’s principles to be applied completely. With this 
compass correctors can be arranged so that the needle shall point ac- 
curately in all directions, and these correctors can be adjusted at sea 
from time to time, so as to eliminate any error which may arise through 
change in the ship’s magnetism or in the magnetism induced by the 
earth through change of the ship’s position. By giving the eompass card 
along period of free oscillation great steadiness is obtained when the ship 
is rolling. 

Sir William Thomson has also enriched the art of navigation by the 
invention of two sounding machines; the one being devised for ascertaining 
great depths very accurately, in less than one-quarter the time formerly 
necessary, and the other for taking depths up to 130 fathoms without 
stopping the ship in its onward course. In both these instruments steel 
pianoforte wire is used instead of the hempen or silken lines formerly 
employed ; in the latter machine the record of depth is obtained not 
by the quantity of wire run over its counter and brake wheel, but through 
the indications produced upon a simple pressure gauge consisting of an 
inverted glass tube, whose internal surface is covered beforehand with 
a preparation of chromate of silver, rendered colourless by the sea-water 
up to the height to which it penetrates. The value of this instrument for 
guiding the navigator within what he calls ‘soundings’ can hardly be 
exaggerated; with the sounding machine and a good chart he can generally 
make out his position correctly by a succession of three or four casts in 
a given direction at given intervals, and thus in foggy weather is made 
independent of astronomical observations and of the sight of lighthouses 
or the shore. By the proper use of this apparatus, accidents such as 
happened to the mail steamer Mosel, not a fortnight ago, would not be 
possible. As regards the value of the deep-sea instrument I can 
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speak from personal experience; on one occasion it enabled those in 
charge of the cable s.s. Faraday to find the end of an Atlantic cable, 
which had parted in a gale of wind, with no other indication of the 
locality than a single sounding, giving a depth of 950 fathoms. To 
recover the cable a number of soundings in the supposed neighbourhood 
of the broken end were taken, the 950 fathom contour line was then 
traced upon a chart, and the vessel thereupon trailed its grapnel two 
miles to the eastward of this line, when it soon engaged the cable 
20 miles away from the point where dead reckoning had placed the 
ruptured end. 

Whether or not it will ever be practicable to determine oceanic depths 
without a sounding line, by means of an instrument based upon gravi- 
metric differences, remains to be seen. Hitherto the indications obtained 
by such an instrument have been encouraging, but its delicacy has been 
such as to unfit it for ordinary use on board a ship when rolling. 


The time allowed me for addressing you on this occasion is wholly 
insufficient to do justice to the great engineering works of the present 
day, and I must therefore limit myself to making a short allusion to a few 
only of the more remarkable enterprises. 

The great success, both technically and commercially, of the Suez 
Canal, has stimulated M. de Lesseps to undertake a similar work of even 
more gigantic proportions, namely, the piercing of the Isthmus of 
Panama by a ship canal, 40 miles long, 50 yards wide on the surface, 
and 20 yards at the bottom, upon a dead level from sea to sea. The 
estimated cost of this work is 20,000,0007., and, more than this sum 
having been subscribed, it appears unlikely that political or climatic 
difficulties will stop M. de Lesseps in its speedy accomplishment. 
Through it, China, Japan, and the whole of the Pacific coasts will be 
brought to half their present distance, as measured by the length of 
voyage, and an impulse to navigation and to progress will be given 
which it will be difficult to over-estimate. 

Side by side with this gigantic work, Captain Eads, the successful 
improver of the Mississippi navigation, intends to erect his ship railway, to 
take the largest vessels, fully laden and equipped, from sea to sea, over a 
gigantic railway across the Isthmus of Tehuantepec, a distance of 95 
miles. Mr. Barnaby, the chief constructor of the navy, and Mr. John 
Fowler have expressed a favourable opinion regarding this enterprise, 
and it is to be hoped that both the canal and the ship railway will be 

accomplished, as it may be safely anticipated that the traffic will be 
amply sufficient to support both these undertakings. 

Whether or not M. de Lesseps will be successful also in carrying into 
effect the third great enterprise with which his name has been promi- 
nently connected, the flooding of the Tunis-Algerian Chotts, thereby 
re-establishing the Lake Tritonis of the ancients, with its verdure-clad 
shores, is a question which could only be decided upon the evidence of 
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accurate surveys; but the beneficial influence of a large sheet of water 
within the African desert could hardly be matter of doubt. 

It is with a feeling not unmixed with regret that I have to record 
the completion of a new Eddystone Lighthonse, in substitution for the 
chef-d’auvre of engineering erected by John Smeaton more than 100 
years ago. The condemnation of that structure was not, however, the 
consequence of any fault of construction, but was caused by inroads of 
the sea upon the rock supporting it. The new lighthouse, designed and 
executed by Mr., now Sir, James Douglass, engineer of Trinity House, 
has been erected in the incredibly short time of less than two years, and 
bids fair to be worthy of its famed predecessor. Its height above high 
water is 130 feet, as compared with 72 feet (the height of Smeaton’s 
structure), which gives its powerful light a considerably increased range. 
The system originally suggested by Sir William Thomson some years ago, 
of distinguishing one light from another by flashes following at varied 
intervals, has been adopted by the Elder Brethren in this as in other 
recent lights in the modified form introduced by Dr. John Hopkinson, in 
which the principle is applied to revolving lights, so as to obtain a_ 
greater amount of light in the flash. 

The geological difficulties which for some time threatened the accom- 
plishment of the St. Gothard Tunnel have been happily overcome, and 
this second and most important sub-Alpine thoroughfare now connects 
the Italian railway system with that of Switzerland and the south of 
Germany, whereby Genoa will be constituted the shipping port for those 
parts. 

Whether we shall be able to connect the English with the French 
railway system by means of a tunnel below the English Channel is 
a question that appears dependent, at this moment, rather upon military 
and political than technical and financial considerations. The occurrence 
of a stratum of impervious grey chalk, at a convenient depth below the 
bed of the Channel, minimises the engineering difficulties in the way, and 
must influence the financial question involved. The protest lately raised 
against its accomplishment can hardly be looked upon as a public verdict, 
but seems to be the result of a natural desire to pause, pending the institu- 
tion of carefal inquiries, Such inquiries have lately been made by a Royal 
scientific Commission, and will be referred for further consideration to a 
mixed Parliamentary Committee, upon whose Report it must depend 
whether the natural spirit of commercial enterprise has to yield in this 
instance to political and military considerations. Whether the Channel 
Tunnel is constructed or not, the plan proposed some years ago by Mr. 
John Fowler of connecting England and France by means of a ferry boat 
capable of taking railway trains would be a desideratum justified by the 
ever-increasing intercommunication between this and Continental countries. 

The public inconvenience arising through the obstruction to traffic 
by a sheet of water is well illustrated by the circumstance that both 
the estuaries of the Severn and of the Mersey are being undermined in 
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order to connect the railway systems on the two sides, and that the 
Frith of Forth is about to be spanned by a bridge exceeding in grandeur 
anything as yet attempted by the engineer. The roadway of this bridge 
will stand 150 feet above high-water mark, and its two principal 
spans will measure a third of a statute mile each. Messrs. Fowler and 
Baker, the engineers to whom this great work has been entrusted, could 
hardly accomplish their task without having recourse to steel] for their 
material of construction, nor need the steel used be of the extra mild 
quality particularly applicable for naval structures to withstand collision, 
for, when such extreme toughness is not required, steel of very homo- 
geneous quality can be produced, bearing a tensile strain fully double 
that of iron. 

The tensile strength of steel, as is well known, is the result of an ad- 
mixture of carbon with theiron, varying between ;},th and 2 per cent., and 
the nature of this combination of carbon with iron is a matter of great 
interest both from a theoretical and practical point of view. It could 
not be a chemical compound which would necessitate a definite propor- 
tion, nor could a mere dissolution of the one in the other exercise such 
remarkable influence upon the strength and hardness of the resulting 
metal. A recent investigation by Mr. Abel has thrown considerable 
light upon this question. A definite carbide of iron is formed, it appears, 
soluble at high temperatures in iron, but separating upon cooling the 
steel gradually, and influencing only to a moderate degree the physical 
properties of the metal as a whole. In cooling rapidly there is no time 
for the carbide to separate from the iron, and the metal is thus rendered 
both hard and brittle. Cooling the metal gradually under the influence 
of great compressive force, appears to have a similar effect to rapid 
cooling in preventing the separation of the carbide from the metal, 
with this difference, that the effect is more equal throughout the mass, 
and that more uniform temper is likely to result. 

When the British Association met at Southampton on a former 
occasion, Schénbein announced to the world his discovery of gun-cotton. 
This discovery has led the way to many valuable researches on explosives 
generally, in which Mr. Abel has taken a leading part. Recent investiga- 
tions by him, in connection with Captain Noble, upon the explosive action 
of gun-cotton and gunpowder confined in a strong chamber, (which have 
not yet been published), deserve particular attention. They show that 
while by the method of investigation pursued about twenty years ago by 
Karolye (of exploding gunpowder in very small charges in shells con- 
fined within a large shell partially exhausted of air), the composition of 
the gaseous products was found to be complicated and liable to variation, 
the chemical metamorphosis which gun-cotton sustains, when exploded 
under conditions such as obtain in its practical application, is simple and 
very uniform. Among other interesting points noticed in this direction 
was the fact that, as in the case of gunpowder, the proportion of 
earbonic acid increases, while that of carbonic oxide diminishes with 
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the density of the charge. The explosion of gun-cotton, whether in 
the form of wool or loosely spun thread, or in the packed compressed 
form devised by Abel, furnished practically the same results if fired 
under pressure, that is, under strong confinement—the conditions being 
favourable to the full development of its explosive force; but some 
marked differences in the composition of the products of metamorphosis 
were observed when gun-cotton was fired by detonation. With regard to 
the tension exerted by the products of explosion, some interesting points 
were observed, which introduce very considerable difficulties into the 
investigation of the action of fired gun-cotton, Thus whereas no marked 
differences are observed in the tension developed by small charges and by 
very much larger charges of gunpowder having the same density (i.e. 
occupying the same volume relatively to the entire space in which they 
are exploded) the reverse is the case with respect to gun-cotton. Under 
similar conditions in regard to density of charge, 100 grammes of gun- 
cotton gave a measured tension of about 20 tons on the square inch, 
1,500 grammes gave a tension of about 29 tons (in several very con- 
cordant observations), while a charge of 2°5 kilos gave a pressure of 
about 45 tons, this being the maximum measured tension obtained with 
a charge of gunpowder of five times the density of the above. 

The extreme violence of the explosion of gun-cotton as compared with 
gunpowder when fired in a closed space was a feature attended with 
formidable difficulties. In whatever way the charge was arranged in the 
firing cylinder, if it had free access to the inclosed crusher gauge, the 
pressures recorded by the latter were always much greater than when 
means were taken to prevent the wave of matter suddenly set in motion 
from acting directly upon the gauge. The abnormal or wave-pressures 
recorded at the same time that the general tension in the cylinder was 
measured amounted in the experiment to 42°3 tons, when the general 
tension was recorded at 20 tons; and in another, when the pressure was 
measured at 29 tons, the wave-pressure recorded was 44 tons. Measure- 
ments of the temperature of explosion of gun-cotton showed it to be about 
double that of the explosion of gunpowder. One of the effects observed 
to be produced by this sudden enormous development of heat was the 
covering of the inner surfaces of the steel explosion-vessel with a network 
of cracks, small portions of the surface being sometimes actually fractured. 
The explosion of charges of gun-cotton up to 2°5 kilos in perfectly closed 
chambers, with development of pressures approaching to 50 tons on the 
square inch, constitutes alone a perfectly novel feat in investigations of 
this class. 

Messrs. Noble and Abel are also continuing their researches upon fired 
gunpowder, being at present occupied with an inquiry into the influence 
exerted upon the chemical metamorphosis and ballistic effects of fired 
gunpowder by variation in its composition, their attention being directed 
especially to the discovery of the cause of the more or less considerable 
erosion of the interior surface of guns produced by the exploding charge— 
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an effect which, notwithstanding the application of devices inthe building 
up of the charge specially directed to the preservation of the gun’s bore, 
have become so serious that, with the enormous charges now used in our 
heavy guns, the erosive action on thesurface of the bore produced by a 
single round is distinctly perceptible. As there appeared to be primd 
facie reasons why the erosive action of powder upon the surface of the 
bore, at the high temperatures developed, should be at any rate in part due 
to its one component sulphur, Noble and Abel have made comparative 
experiments with powders of the usual composition and with others in 
which the proportion of sulphur was considerably increased, the extent of 
erosive action of the products escaping from the explosion vessel under 
high tension being carefully determined. With small charges a particular 
powder containing no sulphur was found to exert very little erosive action 
as compared with ordinary cannon powder; but another powder, contain- 
ing the maximum proportion of sulphur tried (15 per cent.), was found 
equal to it under these conditions, and exerted very decidedly less erosive 
action than it, when larger charges were reached. Other important con- 
tributions to our knowledge of the action of fired gunpowder in guns, as 
well as decided improvements in the gunpowder manufactured for the 
very heavy ordnance of the present day, may be expected to result from a 
continuance of these investigations. Professor Carl Himly, of Kiel, having 
been engaged upon investigations of a similar nature, has lately proposed a 
gunpowder in which hydrocarbons (precipitated from solution in naphtha) 
take the place of the charcoal and sulphur of ordinary powder; this 
powder has amongst others the peculiar property of completely resisting 
the action of water, so that the old caution, ‘ Keep your powder dry,’ may 
hereafter be unnecessary. 


The extraordinary difference of condition, before and after its ignition, 
of such matter as constitutes an explosive agent, leads us up to a con- 
sideration of the aggregate. state of matter under other circumstances. 
As early as 1776 Alexander Volta observed that the volume of glass was 
changed under the influence of electrification, by what he termed electrical 
pressure. Dr. Kerr, Govi, and others have followed up the same inquiry, 
which is at present continued chiefly by Dr. George Quincke, of Heidel- 
berg, who finds that temperature, as well as chemical constitution of the 
dielectric under examination, exercises a determining influence upon the 
amount and character of the change of volume effected by electrification ; 
that the change of volume may under certain circumstances be effected 
instantaneously as in flint glass, or only slowly as in crown glass, and 
that the elastic limit of both is diminished by electrification, whereas in 
the case of mica and of guttapercha an increase of elasticity takes place. 

Still greater strides are being made at the present time towards a clearer 
perception of the condition of matter when particles are left some liberty 
to obey individually the forces brought to bear upon them. By the dis- 
charge of high tension electricity through tubes containing highly rarefied 
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gases (Geissler’s tubes), phenomena of discharge were produced which 
were at once most striking and suggestive. The Sprengel pump afforded 
a means of pushing the exhaustion to limits which had formerly been 
scarcely reached by the imagination. At each step, the condition of 
attenuated matter revealed varying properties, when acted upon by elec- 
trical discharge and magnetic force. The radiometer of Crookes imported 
a new feature into these inquiries, which at the present time occupy the 
attention of leading physicists in all countries. 

The means usually employed to produce electrical discharge in vacuum 
tubes was Ruhmkorff’s coil; but Mr. Gassiot first succeeded in obtaining 
the phenomena by means of a galvanic battery of 3,000 Leclanché cells. 
Dr. De La Rue, in conjunction with his friend Dr. Hugo Miller, has gone 
far beyond his predecessors in the production of batteries of high potential. 
At his lecture ‘On the Phenomena of Electric Discharge,’ delivered at 
the Royal Institution in January 1881, he employed a battery of his own 
invention consisting of 14,400 cells (14,832 Volts), which gave a current 
of 0:054 Ampére, and produced a discharge at a distance of 0°71 inch 
between the terminals. During last year he increased the number of 
cells to 15,000 (15,450 Volts), and increased the current to 0'4 Ampére, 
or eight times that of the battery he used at the Royal Institution. 

With the enormous potential and perfectly steady current at his dis- 
posal, Mr. De La Rue has been able to contribute many interesting facts 
to the science of electricity. He has shown, for example, that the beautiful 
phenomena of the stratified discharge in exhausted tubes are but a modi- 
fication and a magnification of those of the electric arc at ordinary atmo- 
spheric pressure. Photography was used in his experiments to record the 
appearance of the discharge, so as to give a degree of precision otherwise 
unattainable in the comparison of the phenomena. He has shown that 
between two points the length of the spark, provided the insulation of the 
battery is efficacious, is as the square of the number of cells employed. 
Mr. De La Rue’s experiments have proved that at all pressures the 
discharge in gases is not acurrent in the ordinary acceptation of the 
term, but is of the nature of a disruptive discharge. Hvyen in an appa- 
rently perfectly steady discharge in a vacuum tube, when the strata as 
seen in a rapidly revolving mirror are immovable, he has shown that 
the discharge is a pulsating one; but, of course, the period must be of a 
very high order. 

At the Royal Institution, on the occasion of his lecture, he pro- 
duced, in a very large vacuum tube, an imitation of the Aurora Borealis ; 
and he has deduced from his experiments that the greatest brilliancy 
of Aurora displays must be at an altitude of from thirty-seven to 
thirty-eight miles—a conclusion of the highest interest, and in opposi- 
tion to the extravagant estimate of 281 miles, at which it had been pre- 
viously put. 

The President of the Royal Society has made the phenomena of elec- 
trical discharge his study for several years, and resorted in his important 
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experiments to a special source of electric power. In a note addressed 
to me, Dr. Spottiswoode describes the nature of his investigations much 
more clearly than I could venture to give them. He says: ‘It had 
long been my opinion that the dissymmetry, shown in electrical discharges 
through rarefied gases, must be an essential element of every disruptive 
discharge, and that the phenomena of stratification might be regarded 
as magnified images of features always present, but concealed under 
ordinary circumstances. It was with a view to the study of this ques- 
tion that the researches by Moulton and myself were undertaken. The 
method chiefly used consisted in introducing into the circuit intermittence 
of a particular kind, whereby one luminous discharge was rendered 
sensitive to the approach of a conductor outside the tube. The applica- 
tion of this method enabled us to produce artificially a variety of pheno- 
mena, including that of stratification. We were thus led to a series of 
conclusions relating to the mechanism of the discharge, among which 
the following may be mentioned :— 

‘1. That a stria, with its attendant dark space, forms a physical unit 
of a striated discharge; that a striated column is an aggregate of such 
units formed by means of a step-by-step process; and that the negative 
glow is merely a localised stria, modified by local circumstances. 

‘2. That the origin of the luminous column is to be sought for at its 
negative end; that the luminosity is an expression of a demand for 
negative electricity; and that the dark spaces are those regions where 
the negative terminal, whether metallic or gaseous, is capable of exerting 
sufficient influence to prevent such demand. 

‘3. That the time occupied by electricity of either name in traversing 

tube is greater than that occupied in traversing an equal length of wire, 
but less than that occupied by molecular streams (Crookes’ radiations) in 
traversing the tubes. Also that, especially in high vacua, the discharge 
from the negative terminal exhibits a durational character not found at 
the positive. 

‘4, That the brilliancy of the light with so little heat may be due in 
part to brevity in the duration of the discharge; and that for action so 
rapid as that of individual discharges, the mobility of the medium may 
count as nothing ; and that for these infinitesimal periods of time gas 
may itself be as rigid and as brittle as glass. 

‘5. That strie are not merely loci in which electrical is converted into 
luminous energy, but are actual aggregations of matter. 

‘This last conclusion was based mainly upon experiments made with 
an induction coil excited in a new way—viz. directly by an alternating 
machine, without the intervention of a commutator or condenser. This 
mode of excitement promises to be one of great importance in spectro- 
scopic work, as well as in the study of the discharge in a magnetic field, 
partly on account of the simplification which it permits in the construction 
of induction coils, but mainly on account of the very great increase of 
strength in the secondary currents to which it gives rise.’ 
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TheSe investigations assume additional importance when we view 
them in connection with solar—I may even say stellar—physics, for evi- 
dence is augmenting in favour of the view that interstellar space is not 
empty, but is filled with highly attenuated matter of a nature such as 
may be put into our vacuum tubes. Nor can the matter occupying 
stellar space be said any longer to be beyond our reach for chemical and 
physical test. The spectroscope has already thrown a flood of light upon 
the chemical constitution and physical condition of the sun, the stars, the 
comets, and the far distant nebule, which latter have yielded spectro- 
scopic photographs under the skilful management of Dr. Huggins, and 
Dr. Draper of New York. Armed with greatly improved apparatus the 
physical astronomer has been able to reap a rich harvest of scientific 
information during the short periods of the last two solar eclipses; that 
of 1879, visible in America, and that of May last, observed in Egypt 
by Lockyer, Schuster, and by Continental observers of high standing. 
The result of this last eclipse expedition has been summed up as follows : 
‘ Different temperature levels have been discovered in the solar atmo- 
sphere ; the constitution of the corona has now the possibility of being 
determined, and it is proved to shine with its own light. A suspicion 
has been aroused once more as to the existence of a lunar atmosphere, 
and the position of an important line has been discovered. Hydro-carbons 
do not exist close to the sun, but may in space between us and it.’ 

To me personally these reported results possess peculiar interest, for 
in March last I ventured to bring before the Royal Society a speculation 
regarding the conservation of solar energy, which was based upon the 
three following postulates, viz. :— 

1. That aqueous vapour and carbon compounds are present in stellar 
or interplanetary space. 

2. That these gaseous compounds are capable of being dissociated by 
radiant solar energy while in a state of extreme attenuation. 

3. That the effect of solar rotation is to draw in dissociated vapours 
upon the polar surfaces, and to eject them after combustion back into 
space equatorially. 

It is therefore a matter of peculiar gratification to me that the results 
of observation here recorded give considerable support to that speculation. 
The luminous equatorial extensions of the sun which the American ob- 
servations revealed in such a striking manner (with which I was not 
acquainted when writing my paper) were absent in Egypt; but the 
outflowing equatorial streams (I suppose to exist) could only be rendered 
visible by reflected sunlight, or by electric discharge when mixed with 
dust produced by exceptional solar disturbances; and the occasional 
appearance of such luminous extensions would serve only to disprove 
the hypothesis entertained by some, that they are divided planetary 
matter, in which case their appearance should be permanent. Professor 
Langley, of Pittsburg, has shown by means of his bolometer, that the 
solar actinic rays are absorbed chiefly in the solar instead of in the 
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terrestrial atmosphere, and Captain Abney has found, by his new 
photometric method, that absorption, due to hydro-carbons, takes place 
somewhere between the solar and terrestrial atmosphere. In order to test 
this interesting result still further, he has lately taken his apparatus to the 
top of the Riffel with a view of diminishing the amount of terrestrial 
atmospheric air between it and the sun, and intends to bring a paper on 
this subject before Section A. Stellar space filled with such matter as 
hydro-carbon and aqueous vapour would establish a material continuity 
between the sun and his planets, and between the innumerable solar 
systems of which the universe is composed. If chemical action and 
reaction can further be admitted, we may be able to trace certain con- 
ditions of thermal dependence and maintenance, in which we may 
recognise principles of high perfection, applicable also to comparatively 
humble purposes of human life. 


We shall thus find that in the great workshop of nature there are no 
lines of demarcation to be drawn between the most exalted speculation 
and commonplace practice, and that all knowledge must lead up to one 
great result, that of an intelligent recognition of the Creator through His 
works. So then, we members of the British Association and fellow- 
workers in every branch of science may exhort one another in the words 
of the American bard who has so lately departed from amongst us :— 

Let us then be up and doing, 
With a heart for any fate ; 
Still achieving, still pursuing, 

Learn to labour and to wait, 
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Report of the Committee, consisting of Professor SYLVESTER, Pro- 
fessor CAYLEY, and the Rev. GEORGE SaLMon, D.D., appointed in 
connection with the Calculation of Tables of Fundamental In- 
variants of Binary Quantics. 


Ir has been thought advisable to extend the calculation of tables of 
invariants (proper) to ternary systems of binary quantics, and the follow- 
ing systems have been selected for the purpose. 

Two quadrics and a quartic; a quadric and two quartics; three 
quartics; a quadric, cubic, and quartic: say the systems (2) (2) (4); 
(2) (4) (4); (4) (4) 4); @) (8) M. 

By far the most considerable amount of the work belongs to the cal- 
culations connected with the last-named system. 

The entire work covers 52 sheets of paper of dimensions 31 in. by 23 
in., divided into 93 x 69, i.e. 6417 drd-inch squares, each enclosing one 
numerical coefficient ; the total number of such spaces, of which only a 
moderately small fraction remains vacant, being accordingly 333,684. 

The work of compilation was actually performed by Messrs. Healy 
and Durfee (fellows), under the able superintendence of Dr. F. Franklin 
(associate) of the Johns Hopkins University—who is of opinion that 
at least nine-tenths of the labour and time that would otherwise have been 
required for the calculations has been saved by the method of operation 
above indicated : a method called by its presumable inventor or originator, 
Professor Sylvester, the method of cage-work or occlusion, which has 
also been found by Dr. Franklin applicable with very considerable 
advantage to certain operose astronomical computations with which he 
has been entrusted in connection with one of the public departments in 
Washington. 

The leading results will be published in the ‘American Journal of 
Mathematics’ in a form similar to that of the tables of like kind, calcu- 
lated at the expense of the British Association, which have already 
appeared there. 
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It is sufficient for present purposes to state that the fundamental in- 
variants (the absolute constant not included) for the systems (2) (2) (4) ; 
(2) (4) 4); (“4 (4) (4); (2) (8). (4) are respectively 19, 29, 25 and 
64 in number; the first, second, and fourth of these totals, viz. 19, 
29, 64, it will be noticed, are very nearly the same as the numbers of 
invariants of the systems (1) (2) (4); (1) (4) (4); (1) (8) (4) which 
are, as is well known, identical with the numbers 18, 28, 61, of the in- 
and co-variants belonging to the quadri-quartic, quarto-quartic, and cubo- 
quartic systems respectively. 

It may also be stated that the invariants of the three systems in which 
only quadrics or quartics are contained are all unique for a given type ; 
that is, in each of the three systems there is never more than a single 
invariant of given degrees in the coefficients of the three constituent 
quantics respectively. 


Report (provisional) of the Committee, consisting of Mr. RoBert 
H. Scorr (Secretary), Mr. J. Norman Lockyer, Professor H. J. 8S. 
SMITH, Professor G. G. SToKEs, Professor BALFoUR STEWART, and 
Mr. G. J. Symons, appointed for the purpose of co-operating 
with the Meteorological Society of the Mauritius in their pro- 
posed publication of Daily Synoptic Charts of the Indian Ocean 
from the year 1861. 


Tur Committee have no report to submit, for it appears from the latest 
letters received from Dr. Meldrum that the actual printing off of the pro- 
posed Synoptic Charts for the Indian Ocean has not yet been com- 
menced. 

No expense has therefore been incurred as yet, and there has been no 
occasion to apply for any portion of the grant of 501. made at the York 
meeting. 

However, the Meteorological Society of the Mauritius contemplates 
the issue of the charts in the course of the coming year, so that the 
PEE request that they may be re-appointed, and the grant re- 
newed, 


Report of Committee, consisting of Captain Abney (Secretary), 
Professor W. G. ApAMs, Professor G. C. Foster, Professor Lord 
RaYLEIGH, Mr. PREECE, Professor SCHUSTER, Professor DEwaR, Pro- 
fessor VERNON Harcourt, and Professor AyRTON, for the purpose 
of fixing a Standard of White Light. 


As the experiments conducted by the Committee are still in progress, 
the Report cannot be ready for presentation this year. 
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Report on Recent Progress in Hydrodynamics. 
By W. M. Hicks, M.A. 


Part II. Special Problems. 


Tis second part of the report will deal with matters of more purely 
mathematical interest than the first, and will chiefly comprise the con- 
sideration of those particular solutions of the equation v2? = 0, which 
satisfy conditions given over the boundaries of various surfaces, and the 
determination of the effective inertia of the surrounding fluid when 
solids of different forms move in it. The problems here considered may 
be regarded in different lights, according as the investigator has 
accustomed himself to think from a hydrodynamical, an electrical, or a 
conduction of heat point of view. Consequently, it will be found that 
several of the hydrodynamical solutions will be found in papers with 
electrical or other titles. In the following the motion of a perfect 
fluid in (a) two and (0) three dimensions, and (c) of a viscous fluid, will 
be taken in order, the latter from a mathematical standpoint, without 
reference to the experimental researches which have been carried out by 
a large number of investigators. But, before passing on, it may be well 
here to add a few remarks in the way of correction or addition to the 
first part of the Report published last year. 

Professor Larmor has drawn my attention to the fact that the theory 
of the ignoration of co-ordinates, mentioned on page 60, is essentially 
due to Routh, who gave the complete theory in his Adams’ prize essay 
‘On the Stability of Motion’ (p. 60). The application of the theory to 
finid motion is due to Thomson and Tait. The statement on p. 65, 
‘that the circulation round any closed curve in the fluid is equal to twice 
the surface integral of the resolved part of the vortices perpendicular to 
the surface over any surface whose boundary is the curve,’ is a theorem 
due to Thomson, is not correct. Beltrami! states that Hankel gave the 
theorem in 1861, in a paper? which I have not been able to obtain; but 
it seems to have been given by Stokes, in 1854, in a Smith’s prize? paper 
for that year. This would, therefore, appear to be the first publication. 

In the consideration of viscosity on p. 81 a notice of a paper by 
Helmholtz‘ ought to have been given, in which he proves two general 
theorems. These are that, if squares and products of the velocity be 
neglected, and if the fluid be not supposed to glide over the surfaces of 
bodies immersed in it, then, (1) if the motion be steady, the currents in 
the viscous fluids are so distributed that the loss of energy due to 
viscosity is a minimum, on the supposition that the velocities along the 
boundaries of the fluid are given; and (2) a floating body is in equi- 
librium in a viscous fluid flowing with slow steady motion, if the loss is 
also a minimum, when the velocities of the fluid along the surface of the 

' Sui principit fondamentali delV idrodinamica razionale. 

2 Zur allgemeinen Theorie der Bewegung der Mlissigheiten. Gott. 1861. Now 
out of print. 

3 See Camb. Univ. Calendar for 1854, p. 415. 

4 «Zur Theorie der stationiiren Stréme in reibenden Fliissigkeiten, Verh. 
naturhist, Vereins. Heidelberg. YV.p.1, (1868.) Also Collected Works, i. p, 223. 
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body are varied in the same way as if the solid were to have one of its 
possible motions. 

On the same page it should be noted that the theory of similitude 
given by Helmholtz had already, more than twenty years before, been 
stated by Stokes,! though not so fully as to include different coefficients 
of gliding over the surfaces of bodies immersed. The applications by 
Helmholtz are new. 

On page 80, line 20, for ‘its rate of variation,’ read, ‘the rate of 
variation of the energy.’ 

The following letters have throughout, unless specially notiged, the 
meanings here given, viz. :— 

Where m denotes the mass of a body, m/ denotes the mass of the 
fluid displaced by it. 

p denotes the density of the fluid. 


~ 4 4, velocity potential. 

~ ,, », stream function. 

be’ 4, ~9)_~« Coefficient of viscosity. 

He 5», kinematic coefficient of viscosity = ,’ /p. 


a. Motion in Two Dimensions. 


Sources and Sinks.—The simplest motion possible is that where fluid 
moves in an infinite plane, streaming from certain points (sources) and 
into others (sinks). Its importance consists in this, that all potential 
functions can be considered as due to certain distributions of sources or 
sinks at definite points, or along certain lines and surfaces, as has been 
shown by Stokes.? Regarded from this point of view they have been 
called the ‘ Green’s functions of the given distribution of matter.’ Many 
examples will occur in the succeeding pages of their application. W. R. 
Smith? has developed some of the general properties of the stream-lines 
and equipotential lines for two dimensional motion when the number of 
singular points is finite and all are of the same magnitude. When the 
system is complete, 7.e. when the numbers of sources and sinks are equal, 
the degrees of both the stream-lines and equipotential lines are equal to 
the whole number of singular points. When the numbers are unequal 
this is still true for the stream-lines, but the degree of the equipotential 
line is double the greater number. The general nature of the lines is 
clearly different, according as the system is complete or not. In the 
former case one stream-line goes to infinity, and is, at most, of a degree 
one less than the number of singular points, whilst if the system be not 
complete, every complete stream-line has a number of asymptotes equal 
to the difference of the numbers of sources and sinks. More particularly 
he considers the cases of two, three, and four singular points, and gives 
figures when they are at the corners of a rectangle and of a regular 
trapezium. Cases of the same kind have also been noticed by Kirchhoff * 


1 Camb. Phil. Trans. ix. 

2 ¢Qn the internal distribution of matter which shall produce a given potential 
at the surfaces of a gravitating mass,’ Proc. Roy. Soc., xv., p. 482; and Phil. Mag., 
XxXxXiv. p. 235 (1867). 

“A ‘ we the flow of electricity in conducting surfaces,’ Proc. Roy. Soc. Ldin., vii. 
pum. L870: 

4 ‘Ueber den Durchgang eines elektrischen Stromes durch eine Ebene, insbeson- 
dere durch eine kreisf6rmige,’ Pogg. Ann. Ixiv. p. 497, or Gesam, Abhand. p. 1. 
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(1845), Quincke! (1856), Auerbach? (1878), and .Chwolson* (1878), 
from the electrical point of view. 

As sources and sinks may be regarded as the origin of all non-cyclic 
motion, so may the vortex-filament be looked upon as the basis for cyclic 
motion. The cases of one or two vortices, discovered by Helmholtz, 
have been already referred to. When more than two are present the 
general treatment of their motions involves mathematical difficulties of 
calculation, though the theory is quite straightforward. Particular cases 
have been worked out with much detail by W. Grébli® (1877), in a 
paper which has much interest from the number of figures it contains 
illustrating the paths in certain cases. He considers the cases (1) of 
three vortices (a) equal, but one of different sign from the other two, 
(3) equal and of the same sign, (y) two equal and opposite and double the 
third; also the conditions that they shall always lie at the angles of a 
triangle (0) of constant size and form, (<) of constant form (¢) with two 
equal sides; (2) of four equal vortices with a plane of symmetry—which 
comes to the same thing as two equal vortices in an infinite finid 
bounded by a plane; and (3) of 2n equal vortices with » planes of 
symmetry, or one vortex in the fluid bounded by two planes inclined 
at an angle z/n. In this last case each describes the Cotes’ spiral, 
7 sin n0 =const. It would lead us too far to describe more fully the 
results arrived at, which, after all, are only particular cases of the 
general problem. The last question has also been discussed by Green- 
hill® (1878), who shows that a vortex of strength m, in an angle z/n, 
will describe its Cotes’ spiral as if it were a particle under the attraction 
of a force varying inversely as the cube of the distance from the angle, 
and strength = + (nm? — 1) m?. 

The theory of the fluid motions resulting when portions of planes are 
held in a stream has been referred to in the last report,’ and it will be 
sufficient here to give for reference the cases already solved. The case of 
fluid flowing from an infinite space into a canal bounded by two parallel 
planes is historically the most interesting, being the first example of dis- 
continuous motion which yielded to the genius of Helmholtz. The only 
other solutions at present known are those discovered by Kirchhoff.° 
These reduce to special cases of the two general problems (1) where fluid 
issues from between two straight lines drawn in any direction from two 
points, and (2) where a straight line is opposed in a stream of fluid at any 
angle. The solution of the equation of continuity for all the space outside 


1 * Ueber die Verbreitung eines elektrischen Stromes in Metallplatten,’ Pogg. Ann, 
x¢vii. p. 382. He considers space bounded by two infinite lines at right angles. 

2 “Ueber die Verbreitung stationiirer electrischer Stréme in leitenden Flichen,’ 
Wied. Ann. iii. p. 498. : 

* “Ueber das Problem der Stromverzweigung in einer ebenen Platte,’ 
Schlim. Z. xxiii, p. 47. 

4 Brit. Ass. Rep., 1881, p. 64. 

> “Specielle Probleme iiber die Bewegung geradliniger paralleler Wirbelfiaden,’ 
Inaug. Diss. Gott. pp. 86; also, Vierteljahrschrift der naturforschenden Gesellschaft 
in Ziirich, xxii. 

6 «Plane vortex motion,’ Quart. Jowr. xv. p. 10. 

” Brit. Ass. Rep. 1881, p. 69. 

* ‘Ueber discontinuirliche Fliissigkeitsbewegungen,’ Monatsh. Ahad. Berl. 1868, 
<p ri Mag. (4) xxxvi. p. 337 ; also reprinted in Helmholtz’ Wissen. Abhand. 

i. p. 146. 

® «Zur Theorie freier Fliissigkeitsstrahlen,’ Credle, xx. p, 289; and reprinted in 
Ges. Werke, p. 416, and Vorlesungen ti. Math. Physik. Vorles. 21, 22, 
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a line can be dediiced from the case of the ellipse referred to below. It 
is of importance from an electrical point of view, but is only of purely 
mathematical interest as far as hydrodynamics is concerned. 

Passing on now to spaces bounded by straight lines, we have to notice 
the cases of two parallel lines, triangles, and rectangles. Sources and 
sinks between parallel planes have been discussed by the writer, but they 
may be regarded as limiting cases of the rectangle, which is referred to 
below. When the triangle is equilateral, the motion for a rotation was 
discovered by F. D. Thomson,! and Stokes? has shown that for this the 
effective moment of inertia of the equivalent solid is two-fifths of that of 
the solidified fluid. The potential and stream functions for a vortex inside 
such a triangle have been given by Greenhill,? and the path described by 
the vortex, also the same functions when there is a source at one corner 
and a sink at the other. For the right-angled isosceles triangle the case 
for a source and sink at the base angles have been given by the writer,* 
and are, I believe, the only ones solved for this triangle. If the vertex of 
a triangle move off to infinity perpendicular to the base, we get the space 
bounded on three sides by two infinite parallel lines, and a third line per- 
pendicular to them. The potential and stream function for a source, or a 
vortex (electric point) in such a space are given in the same paper, as well 
as figures illustrating them in particular cases. This may be regarded as 
a limiting case of the rectangle, to which we now proceed. 

This form has received much attention from the time when Stokes® 
first discussed it in 1843, He determined the velocity potential for the 
internal motion when the boundary rotates, in the form of an infinite series, 
and in the same form evaluated the moment of inertia of the equivalent 
solid. His method is based on determining the coefficients of an infinite 
series to represent the motion of rotation of two opposite sides when the 
other pair are at rest, and then combining them for the whole motion. 
The same problem is considered in ‘Thomson and Tait’s Natural Philo- 
sophy.’® Ferrers’ (1878) attacks the question differently. He first 
shows that if the density of matter at every part of a plane be given by 
p cos ma cos ny, its potential is 4p cos ma cos ny |(m? +n”). Now the 
analytical conditions for the stream function of the motion of fluid in a 
rotating rectangle are the same as for the potential for a distribution of 
matter of density + 1, and —1, in alternate equal rectangles. This 
density is expressed as the product of two Fourier’s series, and the before- . 
mentioned theorem applied. Greenhill* (1878) gives expressions for the 
velocities at any point in a very compact form as definite integrals of 
certain elliptic functions of the position of the point. He arrives at this 


1 «On certain cases of fluid motion,’ Ox. Cam. and Dub. Mess. Math. iii. p. 238. 

? Reprint of papers, p. 65. 

* «Solutions by means of elliptic functions of some problems in the conduction of 
electricity and of heat in plane figures,’ Quart. Jour. xvii. p. 284. 

an On velocity and electric potentials between parallel planes,’ Quart. Jowr. xv. 
p. 313. 

5 «On some cases of fluid motion,’ Zrans. Camb. Phil. Soc. viii. p. 105 (1843). 
Supplement to a memoir ‘On some cases of fluid motion’ (1846), Zbid. p. 409. ‘On 
the critical values of the sums of periodic series’ (1849), Zbid. p. 533, sec. iv. In 
the reprint of papers these are vol. i. pp. 60, 188, and 288. 

§ Vol. i. Ist ed. p. 541. 

fe sae of certain questions in potentials and motion of liquids,’ Quart. Jowr. 
XV. p. 83. 


_* ‘Notes on hydrodynamics: on the motion of water in a rotating rectangular 
prism,’ Quart. Jour. xv. 144. 
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result by taking the series for the velocity and stream functions given 
in Thomson and Tait, and expressing the series for the velocities derived 
from them in the above way. The upper limits of the integrals are the 
co-ordinates of the point. Definite integral expressions, with constant 
limits for the velocity and stream functions, and the velocities, have 
been determined by myself,! by taking the values of these functions for 
@ source inside a rectangle, and distributing sources and sinks over the 
sides of the rectangle, proportional to the normal motion of the boundary 
at the point. 

The two functions for a source inside a rectangle were first (1865) 
determined by Jochmann? by summation of the corresponding functions 
for the whole set of images of the source. They depend in general on the 
Theta functions, and for particular positions take simple forms. The same 
problem for vortices has been solved by Greenhill,? who has also found 
the equation to the path of a single vortex inside the boundary. The 
form is so simple that I venture to reproduce it here. If the origin be at 
the centre, and if K : K’ be the ratio of the sides, the equation to the path 
of a vortex is ctn?(Ka/a, &) + etn?(K’y/b, k') = const, whilst, if the vortex 
is at the centre, the stream-lines are cen(Kz/a, &) en(K’y/6, kh’) = tanhy /m. 

The Circle—This naturally was amongst one of the first boundaries 
for which the velocity potential was found. It was given by Stokes‘ in 
1843 as a particular case of the general motion of the surfaces of two 
concentric circles, and he showed that the mass of the equivalent solid 
was equal to that of the fluid displaced. A very full discussion of the 
motion of the particles of the fluid, by Clerk-Maxwell,° will be found in 
the ‘ Proceedings’ of the Mathematical Society, a discussion which is ren- 
dered all the more instructive from the figures which accompany it. Both 
these papers treat of non-cyclic motion; but the space in two dimensions 
about a circle being cyclic, admits of a many-valued velocity potential. 
Rayleigh ® and Greenhill’ have shown that when there is a cyclic motion 
about the circle it will itself move in a circle in the same direction as that 
motion, whilst the latter has shown that if it also moves under the action 
of gravity it will describe a trochoid. The image of a source in a circle 
has long been known, and that of a vortex is a natural corollary. 

Two Otrcles.—This is another boundary for which we owe the first 
discussion to Stokes* (1843). He considered them concentric, with any 
general motion of the points of the surface, and in particular for the 

on A On velocity and electric potentials between parallel planes,’ Quart. Jour. xv. 
2 «Ueber einige Aufgaben, welche die Theorie des logarithmischen Potentials und 
den Durchgang eines constanten elektrischen Stroms durch eine Ebene betreffen.’ 
Schlom Z. x. pp. 48 and 89. They are also given in my paper referred to above, and 
a particular case when the source and sink bisect opposite sides of the rectangle by 
Betti. Sopra la distribuzione delle correnti elettriche in uno lastra rettangolare. 
N. Cim. (2) iii. (1870); also Heine (1874), ‘ Ueber die constante electrische Stromung 
in ebenen Platten,’ Borch. |xxix. p. 1, and Berl. Monats. (1874) p. 186. 

* «On plane vortex motion,’ Quart. Jour. xv. p. 10; also ‘ Solution by means of 
elliptic functions of some problems in the conduction of electricity and heat in plane 
figures. Zbid. xvii. p. 284. 

4 ¢On some cases of fluid motion,’ Camb. Phil. Trans. viii. p. 105 (1843). 
(1870), the displacement in a case of fluid motion,’ Proc. Wath. Soc. iii. p, 82 

® «On the irregular flight of a tennis ball,’ Mess. Math. vii. p, 14 (1877). By 
some oversight the circle is made to move in the wrong direction, 


7 «Notes on hydrodynamics,’ Mess. Math. ix. p. 113. 
8 «On some cases,’ &e, 
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initial motion, when one circle has a motion of translation. He shows 
that in this case, which serves very approximately to determine the small 
vibration under gravity of the inner circle, the mass of the equivalent 
solid is (b? + a”)/(b? — a”) times the mass of the fluid displaced ; a, b 
being the radii of the circles. I} have discussed the most general motion 
of two circles, either internal, or external to one another, treating the 
two cases separately where the circles touch or not. The velocity and 
potential functions are given for any motion of the two circles, and the 
following particular cases are considered more in detail: (a) the motion 
of a pendulum inside a circular case, (3) of a circle in fluid bounded by a 
straight line, (vy) of two circles rigidly connected, (¢) the motion of one 
when the other is fixed, and lastly (e) some properties of the general 
motion of two free circles, in all cases without cyclic motion. It may be 
interesting to give some of the results, which admit of quantitative de- 
termination in finite terms. If (as in /) a circle be projected from con- 
tact with the boundary line, in a direction perpendicular to it, the limiting 
velocity as it moves off to an infinite distance is increased in the ratio 
(477+ p—1)'(p +1). If it be projected from any point, the future 
path will have its concavity turned towards the plane, and will turn 
round and meet the plane or not, according as the direction of projection 
makes an angle with the perpendicular to the plane greater or less than 
a certain angle a, which depends only on the distance from the plane. 
When the circle is projected from contact, the values of a for densities of 
the circle 0,1, 10 are about 41° 22’; 51° 14’; 70° 15’ respectively. If in 
(¢) the circles are equal, and one is projected directly from contact with 
the other, the limiting velocity is (472+ p—1)! (9 +1)~ times the 
initial velocity. If it were projected in any way it will move as if attracted 
on the whole by the fixed circle, the path will have its concavity turned 
towards it, and will have two asymptotes, whose distances from the 
centre of the fixed circle are (p + Po)! (o + 1)7! times the apsidal dis- 
tance, where Py is a certain number depending only on this distance. If, 
for example, they touch when nearest Pp = +72 — 1. If, on the contrary, 
both are free to move (as in ¢), and they are projected so that the whole 
‘momentum’ of the system is zero, they move as if they repel cne 
another, and the path of one relatively to the other has its convexity 
towards that other. If they are equal and touch one another at their 
nearest distance, the distance of the asymptote of the path of one from 
the centre of the other is (47? +p—1)! (0 +1)7!x sum of radii. 
If there is cyclic motion between the circles it is possible to have them 
moving steadily forward through the fluid, always keeping at the same 
distance, provided the circles are equal. The discussion? of this motion 
shows that when the radii and distance of the centres are given there are 
two possible relations between the velocity of translation and the relative 
motion, one in which they are in the same direction between the circles 
and the other in the opposite. If 2.abe the angle between the two 
internal tangents to the circles, then when a is not nearly 4 z, the two 
ratios of the velocity due to cyclic motion alone, at the point half-way 
between the cylinders, to the velocity of translation is very approximately 
2seca {+ 7 (1—cosasinta) — 1}. 

* «On the motion of two cylinders in a fluid,’ Quart. Jour. xvi. pp. 113 and 193, 
and Proc. Camb. Phil. Soc. iii. p. 227 (1878). 


7 ©On the condition of steady motion of two cylinders in a fluid,’ Quart. Jour. 
Xvii. p. 194 (1879). 
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When the boundary consists of two intersecting circles, the deter- 
mination of the motion can be made in a manner similar to that for two 
non-intersecting circles. When the two circles are equal and pass 
through each other’s centres, the velocity potential for the system moving 
parallel to the line of centres is ¢ = — a?V (7~? + 7’~?), where 1. 1’ are 
the distances of a point from the centres. This example was given before 
Section A at York last year by Professor A. W. Riicker.! 

Straight Lines and Circles.—Here again our first reference must be to 
Stokes. In his paper ‘On the critical values of the sums of periodic 
series’ he finds the velocity potential for the fluid inside a rotating sector 
of a circle of angle 2 a in the two forms of an infinite series and of a 
definite integral, and expresses in the same two forms the moment of 
inertia of the equivalent solid. ‘The square of the radius of gyration is 
16(? tanh aw 
=I. x(@+4)? 
tial and stream functions admit of finite expression in terms of logarithmic 
and circular functions. The semicircle is the simplest,? next comes the 
quadrant of a circle, and a sector of 60°, the two last given by Greenhill,’ 
who has investigated the case of the sector very fully. In this paper 
the case when the angle is any sub-multiple of two right angles is also 
considered. The expressions obtained are naturally rather complicated, 
but they are finite and in terms of circular and logarithmic functions. 
For the two particular cases of the semicircle and quadrant he shows 
that the ratios of the squares of the radii of gyration of the equivalent 
solid, and the solidified fluid, are 16/7?— 1, and (16 log 2)/z? —3, 
respectively. He again takes up the question in a later paper* (1880), 
and obtains a finite expression for the functions when the angle of the 
sector is commensurable with two right angles. The square of the ratio 
of the radius of gyration of the equivalent solid to the radius of the 
circle is in this case 
2 x(4 + =*)—x@) b ~4x(4 + 74 
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dz. For special values of the angle a, the velocity poten- 


where x (a) = a log T' (x). 


When sources and sinks exist inside a sector the motion may easily be 
determined by means of what is already known for the space between 
two lines. The position of rest of a vortex inside a sector has been de- 
termined by Lewis.° It lies on the line bisecting the angle at a distance 
from it = {/ (4n? + 1) — 2n}1/2" times the radius, the angle of the sector 
being x/n. The general motion both for vortices outside and inside a 
circle—either for a single vortex in a sector, or symmetrical vortices, 


without straight boundaries, is given by Greenhill ® with figures illustrating 


the paths for two, four, and six vortices respectively. 
The same author has also discussed the motion in the space bounded 
by two concentric circles and two radii. The values of ¢ and W for a 


1 ¢ On a problem-in stream lines,’ Brit. Assoc. Rep. 1881, p. 554. 

2 «Fluid motion in a rotating semi-circular cylinder,’ Mess. Math. viii. p. 42 
(1878). 

3 «Fluid motion in a rotating quadrantal cylinder,’ Mess. Wath. viii. p. 89 (1877). 

4 «On the motion of a frictionless liquid in a rotating sector,’ Mess. Math. x. p. 83. 

5 «Some cases of vortex motion,’ Mess. Math. 1x. p. 93 (1879). 

*® «Plane vortex motion,’ Quart. Jowr. xy. p. 10 (1877). 
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rotating rectangle are given in infinite series.!| The path of a vortex 
inside sucha rectangle? admits of a very elegant expression by means of 
elliptic functions ; as well as the ~ and W for sources and sinks at the 
corners.* For instance, for a source and a sink at two adjacent corners on 


the same radius # + = log sn ee + zlog a) with analogous expres- 
ae 5 


sions in en and dn for the other corners. Here the value of q is (a/b)". 
The position of rest of a single vortex is at a distance from the centre 
equal to the geometrical mean of the radii.’ The solution for sources is 
also given by Allen.® 

Ellipse (axes a,b; a>). If the elliptic cylinder be considered as 
the limiting case of an ellipsoid when one axis becomes indefinitely large, 
Green may be regarded as the first worker in this field (1833) ; but the 
first to consider definitely the ellipse was Stokes (1843) in his before- 
mentioned paper ‘On some cases of fluid motion’; but in this he only con- 
sidered the motion approximately, in the space outside an ellipse of small 
eccentricity, for translation and rotation. He® has also shown that con- 
focal conics are possible forms for stream lines, though the motion is only 
irrotational in the case of the rectangular hyperbola. In 1873 Beltrami? 
gave the velocity potential for the motion of an elliptic cylinder as a case 
of the ellipsoid, whilst Ferrers* determined the stream function two years 
later (1875) for motions of translation and rotation. In the latter year 
also Lamb’ published the expressions for ¢ and ~ in the forms which 
are now generally used, and given in Kirchhoff’s ‘ Vorlesungen’ and 
Lamb’s ‘ Theory of Motion.’ In this paper will be found diagrams of 
the lines of flow. The path and motion of an ellipse moving in an infinite 
fluid have been worked out by Greenhill,'® who has given figures illustrating 
the motion for the three cases when it is projected, so as to make (1) 
oscillations, (2) whole revolutions, and (3) when it is projected in the 
direction of the major axis with infinitely small angular displacement. 

The same author!! has also investigated the motion of an ellipse 
whose centre is fixed in a stream. In this case the time of a small 
oscillation is 27 ./ {Soab(a? +b?) /(a?—b*)V?}. Problems connected with 
two confocal ellipses are also considered, and the initial motions of the 
inner, due to any sudden motions impressed on the outer, are found. 

Coates !? has worked ont the values of w for a vortex outside and 


1 «Fluid motion ina rotating rectangle, formed by two concentric circular ares 
and two radii,’ Mess. Math. ix. p. 35 (1879). 

2 «Solution by means of elliptic functions of some problems in the conduction of 
electricity and heat in plane figures,’ Quart. Jowr. xvii. p. 284 (1881). 

8 Thid. 

4 «Plane vortex motion,’ Quart. Jour. xv. p. 10 (1877). 

° ‘On some problems in the conduction of electricity,’ Quart. Jowr. xvii. p. 65; 
also Brit. Assoc. Rep. (1879) p. 261. 

° *On the steady motion of incompressible fluids,’ Camb. Phil. Trans. vii. p. 439, 
and Reprint, vol. i. p. 10. 

* «Sui principii fondamentali dell’idrodinamica razionale,’ Mem. di Bologna, iii. 

§ ¢On the motion of a mass of water about a moving cylinder,’ Quart. Jour. xiii. 
195 JEU 

® «Some hydrodynamical solutions,’ Quart. Jowr. xiv. p. 40, 

10 «Notes on Hydrodynamics,’ ii. Wess. Math. ix. p. 117 (1880). 
a Sy Fluid motion between confocal elliptic cylinders, &c.,’ Quart. Jour. xvi. p. 227 

879). 

“ «Vortex motion n and abont elliptic cylinders,’ Quart. Jour. xv. p. 356, and 

Xvi, p. 81 (1878.) 
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inside an ellipse, and inside a semi-ellipse, by the elliptic transformation 
from the solutions for the circle obtained by Greenhill. 

The images inside an ellipse due to either a source, or a doublet 
outside it, have been determined by the writer.!| In general it may be 
taken to consist of a line distribution of sources and doublets along the 
straight line joining the foci, and of an isolated image or not, according 
to the position of the original source. When this lies beyond a certain 
confocal ellipse, determined by the size of the bounding ellipse, there is 
no isolated image, whereas, if it lies within, there is an isolated image 
lying on the confocal hyperbola through the ‘ object.’ 

Where the ellipse degenerates into the line joining the foci the 
isolated image is always absent, and there is only a distribution of 
doublets along the line. The densities at a point are given throughout 
in terms of the position of the point and of the object source or doublet; 
these expressions for certain particular positions of the source become 
very simple. Thus, in the case of a line AB, and a doublet at P,, on 
AB produced, and perpendicular to it, the line doublet density at a point 
P on the line is proportional to 


Ale ts AP .BP_ 
PP, ieee ; 


The motion of a mass of fluid in the form of an elliptic cylinder 
rotating about its axis under the attraction of its own mass has been 
touched upon by Dirichlet and Riemann in their investigations on the 
similar problem for the ellipsoid referred to below. More particularly, 
Lipschitz? gives equations for the motion of such an ellipse, both for 
vibrations of form and rotation, and shows that they are purely periodic 
between definite limits. Kirchhoff? has given a simple case, where the 
boundary rotates without change of form—a case which is embraced in a 
more general solution of the same problem given by Greenhill.4 The 
latter considers the motion to be generated by supposing the fluid to 
rotate within a rigid boundary as asolid body with angular velocity w, and 
an additional angular velocity w' to be impressed on the boundary. He 
finds that we may suppose the boundary removed, provided the relation 
between these quantities and the axes is given by 


4a2b? Aer pab 


1\2 ——— ip ee : 
(o + 0’)? + (a? +b2)2° = a+b?" 

The paths of the particles are in general pericycloids, which, (1) 
when w! = w (a? — b?)/(a?+0?) are epicycloids, (2) when w + w' =o, or 
boundary at rest, are ellipses (Stokes’s case referred to above, p. 8), 
(8) when w =o are circles, and (4) when w! = — w (a+ b)?/(a? + b®) 
are circles, which last is Kirchhoft’s case. 

Other Cvrves.—Any number of possible fluid motions can be deter- 
mined by taking any solution of the equation y2/ = 0, and determining 
the stream lines, any one of which may serve as a boundary. But this 


* *On functional images in ellipses,’ Quart. Jowr. xvii. p. 327 (1881.) 

* ‘Reduction der Bewegung eines fliissigzen homogenen Ellipsoids auf das 
Variationsproblem eines ecinfachen Integrals, und Bestimmung der Bewegung fiir 
den Grenzfall eines unendlichen elliptischen Cylinders,’ Borch. Ixxviii. p. 245 
(1874). 

$ « Vorlesungen,’ &c. p. 262. Awfl. ii. 

* «On the rotation of a liquid ellipsoid about its mean axis,’ Proc. Camb. Phil. 
Soc. iii. p. 233. 
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method, as a rule, does not afford useful results, as the curves are in 
general too complicated. The mathematical interest attaches itself to 
solutions for the case of given boundaries or given conditions, and 
reduces itself often to a suitable transformation by conjugate functions, 
whereby the given boundary may be transformed to one consisting of lines 
or circles, the solution of which is known. This has been applied in 
some of the preceding examples. Of direct solutions other than those 
already mentioned two require notice here. One by Ferrers,! who has 
determined the # and i functions for the spaces (1) inside an ellipse and 
between the two branches of a confocal hyperbola, and (2) between an 
ellipse and one branch of a confocal hyperbola, when the boundary 
rotates; also for two confocal parabolas, the limiting case of (2). The 
functions are given in infinite series. The other is by Greenhill.? He 
has investigated expressions for the ¢ and , due to a source, a doublet, 
or a vortex, in the space bounded by Cartesians, in terms of the con- 
jugate functions given by « + ty =sn*}(é + 7), in which £,y give the 
confocal Cartesians, whose vectorial equations are 7’ — rdné =cecné and 
7’ + rdnin = enin, the foci being at the points « = o, 1, 1/k? and y= 0. 

Non-plane Two-dimensional Motion.—The hydrodynamical interest of 
plane two-dimensional motion consists in its physical application to the 
motion of cylinders in an infinite fluid, or of cylinders of finite length in 
the space between two planes perpendicular to and touching the ends of 
the cylinder. When the space considered is not plane, the motion may 
be represented physically by the steady motion of electricity, the surface 
being supposed a conductor. The surface of a sphere is one which has 
received some attention. The case of the motion for a source and sink 
at opposite extremities of a diameter was discussed by Robertson Smith * 
in his paper referred to above. Beltrami* has given the general 
solution of the equation of continuity for the surface of a sphere which is 
analogous to that for plane space in terms of polar co-ordinates. He 
shows that, 0 and ¢ being the co-latitude and longitude of a point, the 
general solution for the potential is in the form 

0 
(a log tang + B) (ap +b) + (Axtan® 5 + Bycot" 5 }cos(np + a). 

This he applies to the case of the motion of a spherical cap on the sphere, 
and finds that, a being the spherical radius of the cap and (0) . 37) the 
co-ordinates of the instantaneous centre of rotation, the potential is pro- 
portional to sin 0,(sin }a)?cot 40 cos @, the centre of the cap being at the 
pole. The lines of flow are given by cot 50 sin ¢=const., and of flow 
relative to the cap by (cos a — cos 0) cot $0 sin ¢ + cot 6, cos 0 = const. 
These are the intersections with the sphere of hyperbolic cylinders 
whose asymptotic planes are, one parallel to the boundary of the cap (a 
small circle of the sphere), and the other to the great circle of the sphere 
which gives the instantaneous direction of motion of the centre of the 
cap. He also discusses the time a particle takes to describe its path, and 
particular forms of the paths. The ¢ and y¥ functions for sources and 
sinks on a sphere, or certain portions of spheres, bounded by circles, have 


1 <On the motion of water contained in certain cylindrical vessels,’ Quart. Jour, 
xvii. p. 227 (1880). 

2 «On functional images in Cartesians,’ Quart. Jowr. xviii. p. 231, 346 (1882). 

3 «On the flow of electricity, &c.’ Proc. Roy. Soc. Edin. vii. p. 79 (1870). 

4 *Intorno ad un caso di moto a due co-ordinate.  Hendiconti d. reale, Ist. 
Lomb, (I1.) xi. p. 199 (1878). 
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been investigated by Hill,! who arrives at the necessary expressions by 
transforming the variables so as to make the equation of continuity of 
the same form as in plane motion, and taking similar functions of those 
variables. Amongst many interesting results may be mentioned those 
for equal source and sink. Here the stream lines are the small circles 
through the source and sink (intersections of sphere with planes through 
the chord joining the points), and the potential lines are the system of 
small circles orthogonal to the foregoing (the intersections with planes 
passing through the line of intersection of the tangents to the sphere 
at the source and sink). Allen? has made a valuable remark, that the 
transformation which Hill has used is geometrically equivalent to trans- 
forming the equipotential and stream lines for any motion on a plane by 
a stereographical projection into a corresponding motion on the sphere. 
This might be regarded as making the theory for the spherical surface as 
complete as for the plane, were it not that the projections do not always 
correspond in simplicity to the original curves. For instance, he shows 
that confocal conics project into quartic curves, and that confocal sphero- 
conics are the projections of quartic curves. The case of motion on 
the surface of a cylinder is also touched upon, as it has also been by 
Boltzmann.? 


b. Motion in three dimensions. 


Planes.—The image of a source in presence of an infinite plane has 
long been known, and is obvious. Stokes was, I believe, the first to 
employ it. The velocity-potential for a source between two parallel 
planes—which is the sum of the same functions for the infinite train of 
images—has been given by myself,‘ whilst Greenhill® has solved the 
corresponding problem for the case of a rectangular box. When the 
ci is at one corner and a single source at the point 2,.y).z,, the poten- 
tial is 


nt re 
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oS —2 ~~ 778 Tae i: 
o= aI, {03 (= 25%, ¢ ta) 4 65 (12° £%, 4a) Va 


+ similar terms in ¥, 4}. 


Tn any actual case this has to be combined with an equal sink at some 
other point; it gives the power of solving the general problem of any 
motion of the sides, and has been used by Kirchhoff to determine the 
electrical resistance of a conducting parallelepipedon. 

The Sphere.—The velocity-potential for the sphere was first found by 
Poisson © in 1831, in discussing the effect of the air on the motion of a 
ball-pendulum in it. If the elasticity of the air be neglected we get the 


3 ‘The steady motion ‘of electricity in spherical current sheets, Quart. Jour. 
xvi. p. 306 (1879). 
eis} On some problems in the conduction of electricity,’ Quart. Jowr. xvii. p. 65 
(2) ere der Electricitiit auf einer cylindrischen Fliche, Wien. Sitzber. lii. 

p. 220. 

*¢On velocity and electric potentials between parallel planes,’ Quart. Jowr. 
Xv. p. 293 (1878). 
Ss BES mie Green’s functions for a rectangular parallelepiped,’ Proc. Camb. Phil. Soc. 
lil. p. 289. 

_* «Mémoire sur les mouvements simultanés d’un pendtle et de V’air environnant. 
Mém. 3 ae da, Se. Paris, «i, p. 521 (1832). 
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case of a liquid, and he showed that the effect of an incompyessible fluid 
is to increase the inertia of the sphere by one-half the mass of the fluid 
displaced by the sphere. His investigation was published in 1832, and, 
the year after, Green read a paper on the same subject before the Royal 
Society of Edinburgh, in which he considered the ball of the pendulum to 
be ellipsoidal. His investigation was carried out without a knowledge of 
Poisson’s work, but he gives the same result as to the effect of the sur- 
rounding fluid. In 1835 Plana’ also took up the subject in a long paper 
of 166 pages, in which he attempted to take account of the friction, and 
of small differences from the spherical form of the pendulum. He con- 
sidered the friction on the spherical surface to be proportional to the 
relative motion of the fluid over the surface, and that this relative motion 
was the same as if there were no friction. For frictionless fluid his 
results agree with Poisson’s, as do Stokes’,? deduced in 1843 as a special 
case of a more general one. 

In 1852 the same problem was solved by Dirichlet * independently. 
He found, in addition, the equation to the stream lines. The chief im- 
portance of this paper lies in the impulse it gave in Germany to the study 
of hydrodynamics, forming as it does the first of a series of important 
papers by himself, Clebsch, Riemann, Helmholtz, and Kirchhoff. Clebsch 4 
(1856) also gives the stream lines as a particular case of those for the 
ellipsoid, and discusses with more detail the motion of a spherical ball- 
pendulum. Amongst new results may be mentioned the equations to the 
paths of particles, the co-ordinates being expressed very elegantly in 
terms of elliptic functions of one arbitrary parameter. The motion of a 
sphere in fluid when its centre of gravity is eccentric is the subject of a 
paper by G. J. Michaelis.° 

It is well known how Thomson discovered that the electrification 
induced on a sphere by a quantity of electricity at a point outside it, 
produces the same effect on an external point as another portion of elec- 
tricity at the optical image of the first, and how from this he developed 
his theory of electric images. This theory suggested to Stokes to search 
for an analogous theorem in fluid motion, and he found ® that a doublet 
() outside a sphere, with its axis directed to the centre of the sphere, 
has an image also at the inverse point, whose magnitude is — pa3/r°, 
where a is the radius of the sphere and r the distance of the external 
doublet from the centre. The importance of this lies in the fact that the 
motion of a sphere produces the same motion in the fluid as a doublet at 
its centre, and thus it gives the means of solving the case of two spheres 
moving along the line joining their centres. The general case, of which 
the preceding is a particular instance, for the image of a source of fluid 


1 ¢ Mémoire sur le mouvement d’un pendule dans un milieu résistant,’ Mem, d.7. 
Ace. di Sc. Turin, xxxviii. p. 209. 

2 On some cases, &c., see below. 

8 Monatsber. d. berl. Akad. 1852. 

It is curious how, even down to the present moment, Dirichlet is regarded on 
the Continent as the first investigator in this region, and how the work of Green and 
Stokes is ignored. 

4*Ueber die Bewegung eines Ellipsoids in einer tropfbaren Fliissigkeit,’ Credle, 
Li. p. 103 (1856). 

s* Over eenige gevallen van beweging in eene onsamendrukbare yloeislof,’ 
Nicew. Arch. iii. p. 1638. 

6 Brit. Ass. Rep. 1847, ii. p. 6, ‘On the resistance of a fluid to two oscillating 
spheres.’ Reprint, vol, i. p. 230. 
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outside a sphere has been given by myself! (1879), and may be thus 
stated. If asource, of strength m, is placed at a distance 7, from the 
centre of a sphere of radius a, the‘image’ consists of (1) a source at 
the optical image of m, and of magnitude ma/r ; and (2) a constant 
line-sink extending from this isolated image to the centre, and of line- 
density, m/a. The image of a doublet (u) with its axis in any direction 
is then easily deduced by making a source and sink approach indefinitely 
near to one another. When the axis points towards the centre, it is 
clear that the line-distribution disappears, and we get the result found by 
Stokes; when the axis is perpendicular to the line joining it to the 
centre, the image consists of an isolated doublet = pa3/r? at the inverse 
point, and a line doublet thence to the centre, whose line-density at a 
distance p is — pp/ar. It is curious? that if there is a source at a point 
P and a constant line-sink between P and Q, where Q is a point on the 
line from P to the centre, then, provided the whole amount of the line- 
sink is equal to the amount of the source, the ‘image’ of this arrange- 
ment is an arrangement of the same form—viz., a source at P’ the inverse 
of P, and a constant line-sink between P’ and Q’, the inverse of Q, the 
whole amount of the line-sink being equal to that of the source at P’. 
This is of importance in the treatment of the motion of two spheres, 
when one at least changes its volume. 

The image of another kind of singular point, that of the element of a 
vortex filament, has been determined by Lewis.* In this case the image 
of a small element of a vortex line is the optical image of the element, 
and their strengths are inversely proportional to the square roots of their 
distances from the centre. Hence, any complete vortex filament has a 
complete image, provided it lies on a concentric sphere. By means of 
this theorem Lewis has investigated the motion of a circular vortex fila- 
ment inside a sphere when it moves symmetrically with respect to a 
diameter. When it occupies a position of rest, its radius (7) is given by 
(a? — 7”) log {37r3(a? — 7?)?/2atb?} = 4a; where a is the radius of the 
sphere, and 0 is the radius of the sphere whose volume is equal to that of 
the filament. 

The motion standing next in simplicity is that of the initial motion of 
the fluid contained between two concentric spheres when the inner begins 
to move. This forms one of the examples considered by Stokes‘ in his 
paper ‘On some cases of fluid motion’ (1843). He first finds the velocity 
potential for any motion of the bounding surfaces, and shows that if the 
inner sphere performs a small oscillation within the outer as a fixed boun- 
dary, the motion is the same as if the inertia be supposed increased by a 
mass equal to 4(b3 + 2a) /(b? — a) times the mass of the fluid displaced, 
where a, b denote the radii of the inner and outer spheres respectively. 
He then passes on to the case where a sphere moves in fluid bounded by 
an infinite plane. This is important as the first application in hydrody- 
namics of the principle of successive ‘reflection’ of motion. Taking first 
the motion of the sphere perpendicular to the plane, he finds the normal 
motion at points of the plane due to the motion of the sphere on the 


Z ‘On the motion of two spheres in a fluid,’ Zrans. Roy. Soc. part ii. (1880), 
p. 455. 


= geet the problem of two pulsating spheres in a fluid,’ Proc. Camb. Phil. Soc. 
iii. p. 276. ' 

+ On the images of vortices in a spherical vessel,’ Quart, Jour. xvi, p. 388 (1879). 

4 Trans. Camb. Phit. Soc. viii. 105. 
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supposition that the plane does not exist, and then adds the motion 
obtained by impressing on every point of the plane velocities equal and 
opposite to those at the same point produced by the motion of the sphere, 
and again, takes account of the ‘reflected’ motion of this from the surface 
of the sphere. If the fourth powers of the ratio of the radius to the 
distance from the plane be neglected he found that the mass of the 
equivalent solid is $(1 + 3a? /8h?) times the mass of fluid displaced. When 
the sphere moves parallel to the plane, the problem is treated by supposing 
the plane removed, and an equal sphere to move as the optical image of 
the first. Here under the same circumstances the mass of the equivalent 
solid is 4(1 + 3a3/16h*) times the mass of the fluid displaced. In both 
cases i denotes the distance of the centre from the plane. His discovery 
of the image of a doublet whose axis goes through the centre of the sphere 
enabled him to solve further problems! which, however, he did not 
publish at the time. One of them is printed in the first volume of his 
collected works and is referred to below. The fact that a sphere projected 
from the bounding plane moves as if accelerated, whilst if it is projected 
parallel to the plane it moves as if attracted to it, was deduced from 
general reasoning in Thomson and Tait’s ‘ Natural Philosophy,’ published 
in 1866. 

The whole question of the general motion of two or more spheres has 
been considered very fully by Bjerknes in a series of papers dating from 
1868 onwards. In his first paper? he treats of the movement of two 
spheres moving in their line of centres, and shows how a series for the 
velocity-potential may be obtained. He investigates more particularly 
the case when their distances are so great that inverse powers of the 
distance greater than the seventh may be neglected, and shows that the 
uniform motion of one sphere, along the line of centres produces an 
apparent repulsive force towards the centre of the other : also the general 
movement of several spheres whose distances from each are so large com- 
pared with their radii, that inverse powers of this ratio greater than the 
fourth can be neglected. Under these circumstances the action between 
any two spheres is independent of the presence of the others. Forces occur 
depending on the acceleration and the kinetic energy of the spheres, that due 
to acceleration varying inversely as the third power of the distance, whilst 
that due to the square of the velocity depends on the inverse fourth power. 

In 1871 Guthrie? published a curious theorem, due to Thomson. 
Thomson found that if two spheres are in fluid and oscillating along the 
line joining their centres, then, if the density of one of the spheres is less 

i Jn the introduction to his paper on ‘ The internal friction of fluids on the motion 
of Pendulums’ (Trans. Camb. Phil. Soc. ix. 1850), he says, speaking of this discovery : 
‘It enabled me to calculate the resistance to a sphere oscillating in presence of a 
fixed sphere or within a spherical envelope, or the resistance to a pair of spheres 
either in contact, or connected by a narrow rod, the direction of oscillation being, in 
all these cases, that of the line joining the centres of the spheres. ... The method 
even applies, as Professor Thomson pointed out to me, to the uncouth solid bounded 
by the exterior segments of two intersecting spheres, provided the exterior angle of 
intersection be a submultiple of two right angles.’ 

2 ¢Om den samtidige Bevaelgelse af kugleformige Legemer i et inkompressibelt 
Fluidum.’—forhand. Shand. Naturfors. Christiania (1868). 

3 «On approach caused by Vibration,’ Phil. Mag. xli. (4) p. 423. There is clearly a 
printer’s error in the result. In the formula the fifth root occurs; in the numerical 
example the third root. JI have ventured in the text to substitute the correct value, 
viz. the fourth. This paper of Guthrie’s contains experiments on the action between 
see moving in fluids and also references to the work of others, For further notices 
see pelow. 
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than that of the fluid it is repelled or attracted according as the ratio of 
its radius to the distance between the centres is less or greater than 
1 —4¢/ {4 (1 + 2p)}. In the same year also, Bjerknes' extended his 
former investigations by taking into consideration changes of volume. 
The velocity-potential is obtained in an infinite series in which the terms 
are multiple integrals, which are integrable when the spheres move along 
the line of centres. This was followed by a series of papers? in 1875 and 
1876, in which the consequences of the motion were developed more fully. 
If inverse powers of the distance above the fourth be neglected, the vibra- 
tions of one sphere produce only oscillations of the other, if that other 
does not also vibrate. Simultaneous vibrations of the same period produce 
mean forces of the second, third, and fourth powers of the inverse dis- 
tance; thus, two spheres with concordant pulsations attract proportionally 
to the inverse square of the distance, and repel according to the same law, 
if they are in opposite phases. If a, b be the radii of the spheres then the 
D7]2 
force on (b) due to pulsations of (a) is sab £ ab a) the density of 
a 
the fluid being unity. Two oscillating spheres behave in the opposite man- 
ner to two magnetic poles. These actions have suggested to Herr Bjerknes 
analogies with electricity and magnetism, which he has illustrated by a 
series of beautiful and striking experiments.’ It must be remembered, 


1 «Sur le mouvement simultané des corps sphériques variables dans un fluide 
indéfini et incompressible,’ Mork. Vidensk. Christiania, 1871. 

2 ¢Forelébige Meddelelser om de Kriifter der opstaa, naar kugleformige Legemer 
idet de udfore Dilatations; og Kontraktions Svingninger bevige sig i et inkom- 
pressibelt Fluidum.—/orh. Vidensk. p. 386, Christiania, 1875. 

For an abstract and description of this, see Koenigsberger’s Repertoriwm fiir reine 
und angewandte Math. i. p. 264. ‘Ueber die Druck-Krifte, die durch gleichzeitige 
mit Contractionen und Dilatationen verbundene Bewegungen von mehreren kugel- 
férmigen, in einer incompressiblen Fliissigkeit befindlichen, Kérpern entstehen.’— 
Gott. Nach. 1876, p. 245. 

8 For descriptions of these, see ‘ Versuche iiber die scheinbare Anziehung und 
Abstossung zwischen Kérpern welche sichin Wasser bewegen.’ Von Schidtz und Bjerknes, 
Gott. Nach. 1877, p. 291. 

‘ Hydroélectricité et hydromagnétisme, résultats analytiques,’ C. 2. 1879. 

©Do. résultats expérimentaux,’ Jb. 1879. 

‘ Expériences hydrodynamiques avec des corps vibrants et imitation dans un sens 
inverse des forces de l’électricité statique et du magnétisme,’ C. #. 1879. 

‘Phénoménes dits hydroélectriques et hydromagnétiques, théoreémes fondamentaux 
et Wbur vérification expérimentale,’ Séances Soc. Phys. Paris (1877), Jour. Phys. 
March, 1880. 

‘Hydrodynamiske analogier til de statisk elektriske og de magnetiske Krifter,’ 
Natwren (Christiania) 1880. Also Forh. Sk WV. (Stockolm). 
vr ees Vimitation par voie hydrodynamique des actions électriques et magn¢tiques,’ 

. &. 1881. 

On the same or analogous questions see also Hydrodynamic analogies to electricity 
and magnetism by G. Forbes, Nature, xxiv. p. 360 (1881). This is a description of 
Bjerknes’ experiments. 

‘Phénoménes hydrodynamiques inversement analogues 4 ceux de l’électricité et du 
magnétisme.’— Comptes Rendus, par M. Bertin, Ann. de Chimie et de Phys. (5) xxv. 
p. 257, 1882. This is a systematic description of Herr Bjerknes’ work. 

‘Expériences hydrodynamiques, imitation par les courants liquides, des phéno- 
ménes electromagnétiques et d’induction.” Decharme, C. #. xciv. p. 440, and p. 527. 
‘Do. des actions des courants électriques les uns sur les autres,’ p. 643. ‘Do. des 
anneaux de Nobili, obtenus avec les courants électriques,’ p. 722 (1882). 

‘ Bicklund: Om en sirskild art af rérelse i en obegriinsad, osammantrykbar viatske, 
i hvilken sammantrykbare kroppar dro utspridda,’ Lund. Arsshr. xv. 

Experimental Researches into the Properties and Motions of Fluids, with Theoretical 
Deductions therefrom by W. Ford Stanley. Uondon, Spon, 1881. 
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however, that the actions are the opposite of those of electricity and 
magnetism—for instance, like oscillations attract—nor is it easy to see 
how the rotatory effects of magnetism can be illustrated in this manner. 

In his ‘ Vorlesungen iiber mathematische Physik’ (1876), Kirchhoff 
has given a short treatment of the question of two moving spheres, and 
this has been carried somewhat further by Lamb in his treatise on the 
motion of fluids. The present writer’ has also applied the theory of 
images, referred to above, to the solution of the same problems, and has 
attempted? to sketch out an explanation of gravitation on Thomson’s 
vortex-atom theory of matter. When two spheres intersect at an angle 
which is a submultiple of two right angles, the number of successive 
images is finite, and the velocity-potential has a finite form. Stokes,’ in 
the reprint of his papers, has worked out in detail the case when two 
spheres cut at right angles. Ifr,0; 1’, 6’; 7,, 6), be the polar co-ordinates 
of any point referred to the centres of the spheres, and the middle point 
of the common chord respectively, then the velocity-potential when they 
move along the line of centres is — $V {a3 cos 0/r? — a3b3 cos 0, /c3r,? 
+b? cos 6’/7’"}, ¢ being the distance between the centres. In this case 
the mass of the equivalent solid is 

2 rpc {4c3(a3 + b3) — 2(a8 + 6°) — 3a*b?(a + b)*}. 

The Ellipsoid.—The solution of the problem of the most general motion 
of an ellipsoid in fluid is due to the successive labours of Green (1833), 
Clebsch (1856), and Bjerknes (1873). To the first we owe the velocity- 
potential for a motion of translation, to the second that for a motion of 
rotation and the stream-lines both for translation and rotation, whilst 
the third has given us the solution when the axes of the ellipsoid change 
in any manner with the time. 

Green’s* paper was read in 1833. In this he finds the velocity 
potential for translation only, and the effective momentum of the fluid. 
In finding the effective momentum Green neglected the term in the ex- 
pression for the pressure at a point which depends on the square of the 
velocity, and he supposed, therefore, that his result was only true for 
small vibrations. It was not till ten years later, when Stokes proved that 
this term produces no effect on the resultant pressure on a single body in 
an infinite fluid, that it could be seen that Green’s value of this momentum 
was rigorously true. His solution for the sphere has already been men- 
tioned ; he also gave the analogous expressions for the spheroids. In 1835 
Plana, in his before-mentioned paper, showed how to determine the velocity- 
potential for a surface of revolution only slightly differing from a sphere 
and moving parallel to its axis. Nothing more seems to have been done 
for twenty-three years, until Clebsch’s® investigations were published in 
1856, although the paper seems to have been finished in 1854. The first 
part deals with the general theory of fluid motion, and has already been 
referred to in the portion of this report presented to the Association last 
year. Here we confine ourselves to his results bearing directly on the 


1 ¢On the motion of two spheres in a fluid,’ Zrans. Roy. Soc. pt. ii. p. 455 (1880). 

2 ¢QOn the problem of two pulsating spheres in a fluid,’ Proc. Camb. Phil. Soc. iii. 
p. 276, and iv. p. 29. 

8 «On the resistance of a fluid to two oscillating spheres,’ reprint, vol. i. p. 230 
(1880). 

4 «Researches on the vibration of pendulums in fluid media,’ Zrans. Roy. Soc. Hdin., 
vol, xili.; also reprint, p. 315. 

5 ¢ Ueber die Bewegung eines Ellipsoids in einer Fliissigkeit,’ Credle, lii. p. 119, 
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ellipsoid. Clebsch was unacquainted with Green’s work, and rediscovered 
his values of the velocity-potential for a motion of translation. In addition 
to the potentials for translation and rotation he gives the equations of the 
lines of flow for translation, in terms of ellipsoidal co-ordinates, in the 


form log y = er) ar, where \.u.» are the ellipsoidal co-ordinates of a 


0 

point («.y.z), with a similar expression for log z, which is so related to 
the former that yz may be expressed in terms of an elliptic integral of the 
second kind. The case of rotation is a more complicated one, and was 
only completed in a note’ to this paper. Here the co-ordinates p.v are 
expressed as integrals of functions of A, and thus the solution is reduced 
to a question of quadratures, All these simplify very much when the 
ellipsoids are spheroids. Another period of nearly twenty years followed, 
until Bjerknes? completed the general solution by investigating the poten- 
tials when the boundary itself changes its form, yet so as to remain ellip- 
soidal. He considers the generalised problem of motion in space of n 
dimensions, and extends the former results to this case. ‘The second paper 
is divided into two parts, the first devoted to the motion in the infinite 
fluid outside the ellipsoid, the second to that inside. His results are 
given below, for space of three dimensions. 

As the results are important, and extremely interesting, I have thought 
it would be well to give a short notice of the results of the three foregoing 
writers, expressed in a consistent notation. 

15 1) SSR a al 

~~ “attr b?4A c?+A 
boundary at-any time, the axes being a.b.c. Further, let D denote the 


product ih (2 + =) € + = @ + a) . Then all the velocity-potentials 


ean be expressed in terms of 2 where 
Q=7 ne dr 
4 D 


viz., the constants A.B.C. being properly chosen, we have for translation 
paralle] to the axis («) 


, 80 that Ey =o is the equation to the 


o=A Te (Green) ; 

for rotation about the axis (a) 
da da, 
= B ( y——-—2z— h) ; 

$ (u ae “a (Clebsch) ; 

for variation of the axis (a) 
. aD . 
= Ci (Bjerknes). 


In the last case, if the axes vary so as to keep the volume constant, 
then the sum of the CO must vanish, whereas if they vary so that the 


1 Crelle, liii. p. 287. 

2 ¢Verallgemeinerung des Problems von dem _ ruhenden Ellipsoid, in einer 
bewegten unendlichen Fliissigkeit,’ Gétt. Nach. (1873) p. 448. ‘ Verallgemeinerung 
des Problems von den Bewegungen welche in einer ruhenden, unelastischen Flissig~ 
keit die Bewegung eines Ellipsoids hervorbringt,’ 1/id, p. 829, 
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ellipsoid always remains similar to itself, the potential takes the very 
simple form of 


The effective mass and the effective moment of inertia have been given 
by Green and Clebsch respectively in not very complicated forms, but it 
does not seem worth while to reproduce them here. The function © also 
serves to determine the stream-lines for a spheroid moving parallel to its 
axis. They are given by Kirchhoff in his ‘ Vorlesungen’ in the form 


{ os4 be} = const, (p.x) being the cylindrical co-ordinates of any 
p 


point, and the other equation being given by any plane through the axis. 
When the space in question is that inside an ellipsoid, the functions 
become extremely simple. For translation the velocity is, of course, a 
linear function of the rectangular co-ordinates, whilst for rotation about 
Q__ 72 
the axis (a) the velocity-potential is given by ¢ = oe oye When the 
axes change, the fluid being incompressible, the volume must remain 
unaltered, or d/a + b/b + 6é/c=o0, For this motion Bjerknes has shown 
that 


=—1(4%,2 be “a ) 
) (Ga + 5 y+ os 


He has also shown that if we suppose the density to change with the time 
alone, yet so as to preserve the same mass of fluid within the ellipsoid, we 


may dispense with the condition 34/a=o0. IfnowE=1—“.—*2. ,,, 
@,7 ay” 


and D? = II (a + “) all the above results still hold for ” variables. 
a 


1 

I have not been able to discover who first determined the potential 
for the internal motion when the boundary rotates. It was given by 
Bjerknes,! Beltrami,? and Clerk Maxwell,’ all in 1873, but I believe the 
results must have been known before. Maxwell set it in a fellowship 
examination at Trinity College, Cambridge, with a rider, that after a 
certain number of revolutions, all the liquid particles would occupy the 
same positions relatively to the boundary. 

Several other writers have discussed the motion of the ellipsoid, but 
their work has either been based on that of Green or Clebsch, or their 
results have been developed anew. A short notice, in order of the several 
papers, will therefore suffice here. Ferrers‘ (1875) deduces the velocity- 
potential for translation and rotation, and finds the vis viva of the fiuid 
motion by showing that the velocity-potential for a point just outside the 
surface, bears a constant ratio to that just inside. This is a valuable re- 
mark, and shortens the calculation very much, for since the normal motion 
is the same in both cases, it follows that the energy of the motion outside 
has the same ratio to that within. It is seen at once how this enables 
us to deduce immediately the energy for translation. Sharpe® (1876) 

1 See above. 2 Sui Principii, §c., § 26. Mem. di Bologna, iii. 


* The question is given in the last edition of Besant’s Hydromechanics amongst 
the examples. 


**On the motion of an infinite mass of water about a moving ellipsoid,’ 
Quart. Jour. xiii. p. 330. 


* «On fluid motion, Mess. Wath. v. p. 125. 
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uses the methods of Green developed in his memoir on the determination 
of the attractions of ellipsoids of variable densities, to obtain the velocity- 
potentials for translation and rotation, but he does not refer to Green’s 
memoir on the same subject. In 1879 Greenhill! discussed the motion of 
an ellipsoid in general, and in particular of a spheroid. Amongst the 
results obtained may be mentioned the condition that a prolate spheroid 
projected through a fluid may keep its point in front. He found that it 
must have an angular velocity about the axis 


> 2S {e33¢44(1 — ¢33/¢11)} | C66 


where ¢,,, ¢33 are the effective masses along and perpendicular to the axis, 
and Cg, cy, the effective momenta of inertia about the axis, and a line 
perpendicular to it.2 In this same paper he has determined the initial 
motion of an ellipsoidal solid within a confocal ellipsoidal shell, when the 
shell has any motion of translation or rotation impressed on it, also the 
small oscillations of such a body about the position of confocality. In 
the same year also Craig*® published a paper dealing with the same 
questions with reference to a single ellipsoid, and containing transforma- 
tions to the notation of elliptic functions. 

By making one of the axes of an ellipsoid indefinitely small we arrive 
at a solution of the equation of continuity with conditions over a plane 
elliptic disc, but which does not satisfy the hydrodynamic conditions that 
the pressure must be everywhere finite. ‘The-solution of the discon- 
tinuous motion which ensues when a disc is moved perpendicular to itself 
through a perfect fluid has yet to be found. 

Another motion in connection with surfaces of the second degree is 
that where the stream-lines are the lines of curvature on a family of one 
kind of confocal quadrics—or are the intersections of two families and 
orthogonal to the third. By supposing the hyperboloid of one sheet to 
degrade into the space outside the focal ellipse we get the solution of the 
equation of continuity for fluid flowing through an elliptic hole in a 

lane. 

Fluid Ellipsoid and Sphere under their own Attractions—The problem 
of the ellipsoidal forms of equilibrium of a rotating fluid, under the attrac- 
tion of its own particles, is naturally the next object for consideration. 
Since Maclanrin’s discovery of the spheroidal form of equilibrium, and 
Laplace’s discussion of it, little seems to have been done until Jacobi 
announced to the French Academy, in 1834, that particular ellipsoids, 
with three unequal axes, could also be forms of equilibrium for fluid rota- 
ting about the least axis. The fact being discovered, several proofs were 
given by different writers, Liouville,t Ivory,° Pontecoulant,® and others. 
The first to discuss the case with any fulness was C. O. Meyer,’ of 
Koenigsberg, who set himself to do for Jacobi’s case what Laplace had 
done for Maclaurin’s. If w be the angular velocity, and if the ratio of 
w? [2m to the force between two unit volumes of the fluid at unit distance, be 


1 «Motion of liquid between two confocal ellipsoids,’ Quart. Jour. xvi. p. 234. 

2 For a simpler proof of this see a paper by the same author: ‘ Steady motion of 
a top and of a solid. of revolution moving in an infinite fluid,’ Quart. Jow”. xvii. p. 
86 (1880). 

8 «On the motion of an ellipsoid in fluid,’ Amer. Jour. Math. ii. p. 260. 

* Journal de Vécole polytechnique, T. xiv. p. 289. 

5 Phil. Trans. pt. i. for 1838, p. 57. 

® Systeme du Monde, T. ii. 

7 «De Aequilibrii formis ellipsoidicis, Crel/e, xxiv. p. 44, 
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denoted by V, then the combination of Meyer’s investigation and Laplace’s, 
gives the following results. If an ellipsoid is to be a form of equi- 
librium, V must lie between the values V = 0 and V’ = '2246.... Tf V 
lies between 0 and V) = ‘18711. . . then for a given value of V there is 
one ellipsoidal form with unequal axes, and two spheroidal forms, whilst 
for V = V, the former coalesces into that spheroidal form which has the 
less axis of rotation. When V is between Vp and VY’ there can only be two 
spheroidal forms, which for V = V’ coalesce into one. The ultimate 
spheroid to which the ellipsoid approximates when V = V, has the ratio 
of its axes equal to °5827.... For V = 0 the limit for the ellipsoid is the 
circular cylinder, whilst the spheroids are—one a sphere and the other an 
infinite disc. It is clear that the most natural datum to take is not the 
angular velocity but the angular momentum, which remains constant, 
however the fluid may change itsform. This wasa point of view adopted 
by Laplace in treating of the spheroidal form, and Liouville’ took up 
Meyer’s problem in the same way in a paper read before the French Aca- 
demy of Sciences in 1843, in which he showed that the ellipsoidal form 
with unequal axes is only possible provided the ratio of the angular mo- 
mentum to the mass is greater than a certain limit, thus differing from 
the spheroids, which are forms of equilibrium for any given angular mo- 
mentum. What happens when the angular velocity of a spheroid is too 
great for it to keep its form? This could be answered generally from 
the foregoing theories, viz., that the spheroid would become flatter, so 
decreasing its angular velocity, and that it would vibrate about some 
mean position ; but whether its external form would always be spheroidal, 
or what the precise manner of the movement might be, could not be 
decided. This question was answered, and the complete theory of the 
motion of spheroids of fluid investigated, in a posthumous paper by 
Dirichlet,” edited and enlarged by Dedekind. The extremely beautiful, 
and in its fundamental idea simple, theory of Dirichlet threw open to 
mathematicians a new and rich field for further investigations, of 
which they were not slow to avail themselves, so that now it may be said 
that we know the general properties of the motion of a mass of fluid 
moving with a free ellipsoidal surface under its own attraction. Dirichlet’s 
first conception dates from the winter of 1856-1857, so his editor, Dedekind, 
says; but the author, wishing to extend them further, did not publish his 
results in full, and they did not appear until 1859, after his death, when 
Dedekind published them with some further results of his own. I will 
first attempt to give a general idea of his method, then refer to the chief 
results of his investigation, and afterwards pass on to notice the work 
done by other mathematicians, following on the lines laid down by him. | 
Considering that the Lagrangrian method of treating fluid motion is 
better fitted than the Eulerian when the boundary surface changes with 
the time, he asks the question, Is it possible to have the co-ordinates of a 
particle at any time linear functions of its original co-ordinates, and if 
so, to what kind of motion does it refer? It is clear at once that those 
particles originally lying on an ellipsoid must always do so, though not 


1 This was published in the Additions a la Connaissance des Temps for 1846, and 
also in 1851 in Liowville’s Journal, xvi. p. 241, under the title ‘Sur les figures ellip- 
soidales 4 trois axes inégaux, qui peuvent convenir 4 l’équilibre d’un masse liquide 
homogéne, douée d’un mouvement de rotation.’ 

2 «Ueber ein Problem der Hydrodynamik,’ Abhand, hin. Ges. Wiss. Gott. viii. p. 
1, and Borch. lviii. p. 181, ; 
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in general the same. The coefficients of the original co-ordinates will be 
nine in number, and functions of the time alone. Substituting the 
velocities and the attractive forces in the equations of motion, it is found 
that the initial co-ordinates enter linearly, and hence, in order to have a 
free surface, the pressure must be of the form 


2 ie.) te 
where the coefficient of « equated to zero gives the initial surface, and ¢ 
is a function of the time alone. EHquating to zero the coefficients of 
2%, Yo, %o there result, with the equation of continuity, ten equations to 
determine ¢ and the nine coefficients. This is the fundamental idea; 
for the development I must refer the reader to the paper itself, contenting 
myself here with giving some of the chief physical results of Dirichlet’s 
investigation. ‘This was confined, so far as he worked it out in detail, to 
surfaces of revolution. When there is no rotation, and the original form 
is an oblate or prolate spheroid at rest, the form vibrates through the 
sphere to a prolate or oblate spheroid respectively, and he finds equations 
to determine the limits and the time of vibration. If in any position the 
velocity of change of an axis surpasses a certain limit the form does not 
vibrate, but the spheroid either lengthens infinitely or flattens infinitely, 
but the presence of the slightest amount of rotation prevents the former 
ultimate state, a result easily foreseen from the constancy of angular 
momentum. When rotation occurs three cases present themselves, dis- 
tinguished by the relation of the angular velocity to the momentary form. 
The first gives no change of form, and leads to Maclaurin’s spheroid; in 
the second the spheroid vibrates as well as rotates; and in the third it 
rotates and either flattens itself without limit, or, in the reverse direction, 
tends to an ultimate form not of infinite length. In the second case the 
motion is only possible without a uniform external pressure over the 
surface, provided the angular velocity at the moment of greatest 
lengthening is less than a certain limit, The last section of this paper is 
nearly all due to Dedekind. In the foregoing the same particles always 
form the principal axes of the ellipsoid. Dedekind states here that there 
are only two other cases in which this is the case, one in which an ellip- 
soid vibrates without rotation, for which the co-ordinates are propor- 
tionate to their initial values, and the other is Jacobi’s ellipsoid. He 
farther states another possible motion where an ellipsoid satisfying 
Jacobi’s conditions retains its form stationary in space, with an internal 
motion of the particles given by 


® =a cos kt + a sinkt, y= — 2% a sin kt + yo coskt, z= Zp. 
a 


This may be referred to as Dedekind’s ellipsoid. 

The proof of these theorems Dedekind gave in an appendix! to 
Dirichlet’s paper republished in Borchardt’s Journal, and in addition a 
remarkable reciprocal law between two correlated motions with the same 
boundary surface. It is thus stated by him. To every motion of a fluid 
ellipsoid expressed by the equations # = Ing + myo + nz, y = Vay +m'yo 
+ nig, 2 = Ua + my) + n''%q whose original surface has the equation 

2 2 2 
a ui + a = 1 corresponds, by changing the initial state of motion, 


.) “Zusatz zu der yorstehenden Abhandlung,’ Borch. lviii, p, 217, 
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a second motion of the same ellipsoid expressed by the equations 


b b 
f= (x +5 ly += UA, y= 7 mito + myo + = ton 


c c 
2 = —MNity + 5m'Yo + w!/4. 
a 


This law of reciprocity, applied to Jacobi’s case, gives Dedekind’s at once. 

The unknowns adopted by Dirichlet are not well adapted for consider- 
ing the changes of shape and position of the fluid boundary ; what is 
really wanted is the variation of the axes, their motion, and the motion of 
the fluid relative to the ellipsoidal axes at any time. Riemann,! taking 
up the problem where left by Dirichlet and Dedekind, adopted as his 
unknowns, o, the axes, their instantaneous rotations about themselves, 
and the instantaneous rotations of a second set of axes, which give the 
relative motion of the fluid, and which may be defined as follows. The 
particles originally lying on the axes, at all future time lie on a set of 
conjugate axes of the momentary ellipsoid—are, in fact, the lines to which 
the axes are deformed by a pure strain. If the momentary ellipsoid be 
changed by a pure strain to a sphere these become an orthogonal system, 
and are the second system referred to. 

Having formed the differential equations, and the integrals equivalent 
to constant impulsive couple, the equation of energy, and the surface 
integral of vortex strength, Riemann devotes his attention to considering 
the general question of persistence of form, where therefore the axes 
are constant, and for which his form of the equations is very suitable. 
He proves that if the form is to be persistent the axis of rotation of the 
fluid must lie in a principal plane of the ellipsoid, and must be fixed rela- 
tively to it. Calling a b ¢ the axes in descending order of magnitude we 
may state his results as follows. For the more general case where the 
axis of rotation lies in a principal plane there are three sub-cases; (a) 
axis in plane of greatest and least axis, with a +c < 2b; (G) axis also 


2/2. Ap? 
in same plane with a—c > 2b and cel ise by 


plane of mean and greatest axis, with a — b > 2c and 


" ddr 47?-V+a* a? V<o 
oD (a2+2) b? +2 Peer fori 


where D?= @ + a @ a8 7) @ + 5): In this case there is neces- 
a ine c 


sary an external pressure in order to preserve the continuity of the fluid, 
unless a, b, c are subject to another condition. Inthe more special case (2) 
of motion about a principal axis, this axis must be either the least or the 
mean. In fact calling ¢ the axis of rotation and a the greatest axis, ¢ 
must lie between b + a and b —a’ where a, a’ depend on the solution of 
a transcendental equation. If a decreases towards coincidence with b, 
these limits for c become b and ‘303327 b, but if a= b exactly (Mac- 
laurin’s spheroid) ¢ can haveany value between o and a. Jacobi’s and 
Dedekind’s motions belong to this case, which also serves to connect con- 
tinuously cases (a) and (y), whilst case ((3) remains isolated. 

Riemann gives the following way of representing the foregoing per- 


**Kin Beitrag zu den Untersuchungen iiber die Bewegung eines fliissigen 
gleichartigen Ellipsoides,’ Abh, hinig. Ges, Wiss, Gott. Math. Class, ix. p. 3. 
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sistent motions. Suppose the particles to describe similar ellipses in 
parallel planes perpendicular to a principal section of the ellipsoid in the 
same way as if attracted to the centres of their paths. Then the actual 
motion may be represented by supposing the whole system to have an 
extra motion of uniform rotation about an axis in that principal plane. 
In other words we may suppose the motion set up in the same way as 
imagined by Greenhill, referred to below. In the latter part of his paper 
he shows that when the axis of rotation is not a principal axis the motion 
is unstable, that Jacobi’s and Dedekind’s ellipsoidal forms are stable, and 
that in the other cases the motions are not stable if the two rotations 
which represent the motion are in the same direction. 

In the same year as Riemann’s researches appeared, Brioschi! pub- 
lished a paper in which he investigated equations for the moving axes 
of the ellipsoid and the molecular rotations. Dedekind’s reciprocal law 
follows also easily from his forms of the differential equations. The in- 
vestigations of Dirichlet and Riemann have been co-ordinated and pub- 
lished in Italian by Padova? with some extensions of his own, when the 
ellipsoid changes its form periodically. 

In 1879 and 1880, in the ‘ Proceedings ’ of the Cambridge Philosophical 
Society, Greenhill? took up the same problem so far as it relates to 
motions with persistent form, but from quite a different point of view 
from that of Dirichlet. Instead of the Lagrangian equations he uses 
the Hulerian referred to moving axes. The fluid is supposed enclosed in 
a rigid envelope without mass, the whole system to have a rotation as a 
rigid body communicated to it about one line through the centre, and 
then a rotation of the shell alone about another. This is quite as general 
as Dirichlet’s, and has the advantage of expressing the motion in terms 
of quantities whose dynamical meanings are evident. As the velocity- 
potentials for the last rotations are known, the equations are obtained 
with the greatest ease, and it only remains to find the condition that the 
pressure of the fluid on the shell may be everywhere the same, in which 
case the shell may be removed and the fluid mass will move as before. 
In the first paper the case of rotation about the principal axis is alone 
considered, and the relations between the axes and two rotations deduced. 
This is case (0) of Riemann. In the second paper he takes up the 
general question, and gives the condition for a free surface, but does not 
discuss the equation giving the condition. The calculations can be even 
here much simplified by considerations adduced at the end of the paper. 

On the same subject reference may be made to papers by Lipschitz‘ 
(1874) and Hagen® (1879), The former uses Riemann’s form of 
Dirichlet’s expressions for the positions of the particles, finds the action, 
and applies Hamilton’s principle. The latter does not refer to any of the 


1 ‘Développements relatifs au § 3 des Recherches de Dirichlet sur un probléme 
@hydrodynamique,’ Borch. lix. p. 63. 1861 (dated Nov. 1860). 

* ¢Sul moto di un ellissoide fluido ed omogeneo,’ Ann d. Se. Norm. Pisa. 1868-9. 

* On the rotation of a liquid ellipsoid about its mean axis,’ Proc. Camb. Phil. 
Soc. iii. p. 233. 

‘On the general motion of a liquid ellipsoid under the gravitation of its own 
parts,’ Proc. Camb. Phil. Soe. iv. p. 4. 

* «Reduction der Bewegung eines fliissigen homogenen ellipsoids auf das Varia- 
tionSproblem eines einfachen Integrals, und Bestimmung der Bewegung fiir den 
Grenfall eines unendlichen elliptischen Cylinders,’ Borch. xxviii. p. 245. 

s ‘Zur Theorie der drei ellipsoidischen Gleichgewichtsfiguren frei rotirender 
homo8euer Flissigkeiten,’ Schlim. Zeits Math. xxiv. p. 104. 
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foregoing investigations, but gives approximations whén the evtcentricitiés 
are very small or very large. The motion of a sphere under its own 
attraction when slightly deformed, according to a spherical harmonic of 
order n, is the subject of a paper by Thomson.' The time of oscillation 
is shown to be 27/ {(2n + 1)a/2n(m — 1)g}, where g is the acceleration 
at the surface produced by the gravitation. This is independent of the 
size, and depends only on the density of the sphere. The forced oscilla- 
tions of liquid spheres have been shortly treated by G. H. Darwin? ina 
similar manner. 

All the foregoing go upon the supposition that the density throughout 
the mass is constant, but this is not the case with the planetary masses, 
at least with the earth. This led Betti* to take up the question of the 
equilibrium of heterogeneous ellipsoids, the surfaces of equal density 
being similar to the external surface. The investigation is not pressed to 
qualitative results, and is chiefly of mathematical interest. 

Other Surfaces—When the meridian curve of a surface of revolution 
can be expressed in the form V = = c/r? = 1 where the r denotes the dis- 
tances of a point from each of a set of fixed points on the axis, the 
velocity-potential for a motion of translation parallel to the axis is easily 
written down. The solution is due to Hoppe,‘ and takes the simple 
forms ¢ =) {x + 4 c(a — a)/r*} and J = p? (1 — V), in which X is a 
constant, a the distance from the origin of the point from which r is 
measured, and p the distance of the variable point from the axis. 
He has drawn figures of the lines of flow for the particular case 
81/73 — 16/7’ =1. Another surface of revolution is that formed when 
a circle rotates about a line in its own plane. An investigation of this, 
based on notes taken at a course of lectures delivered by Riemann, has 
been published by Gédecker,® the velocity-potential being obtained as 
an infinite series. The velocity-potential when the ring moves per- 
pendicularly to its plane was given independently by myself® in 1881. 
For an infinitely small wire of any form with cyclic motion through the 
opening the solution flows at once from Helmholtz’s theory of the vortex 
filament. This has been treated of by Kirchhoff’ and Boltzmann.® 


c. Viscous Fluid. 


Motion in Tubes and Canals.—Naturally the first problem to which 
the equations of viscous motion were applied was that of the flow of 


1 ¢ Oscillations of a liquid sphere,” Phil. Trans, 153 (1863) p. 608. 

2On problems connected with the tides of a viscous spheroid,’ Phil. Trans, 
Part. IT. 1879, p. 585. 

8 ¢Sopra i moti che conservando la figura ellissoidale a una massa fluida etero- 
genea,’ Annali di Matem. (2) X. p. 173 (1881). 

4¢Vom Widerstande der Fliissigkeiten gegen die Bewegung fester Kérper,’ 
Pogg. Ann. xciii. 1854. ‘Determination of the motion of conoidal bodies through 
an incompressible fluid,’ Quart. Jour. i. p. 301. 

» «Die Bewegung eines kreisformigen Ringes in einer unendlichen incompressiblen 
Flissigkeit,’ Pr. Gottingen, 1879. 

6 ¢On Toroidal Functions,’ Trans. Roy. Soc. Part. III. 1881, p. 609. 

7 ‘Ueber die Kriiftte, welche zwei unendlich diinne, starre Ringe in einer Flussig- 
keit scheinbar auf einander ausiiben kénnen,’ Crelle, 1xxi. and Reprint, p. 404. 

8 «Ueber die Druckkrifte, welche auf Ringe wirksam sind, die in bewegte Fliis- 
sigkeit tauchen,’ Crelle, \xxiii. p. 111. 

See Part I. of this report, p. 74. 
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fluids through tubes and along canals. Stokes,! in his first paper on vis- 
cosity, worked out the case of water flowing down an inclined circular 
cylinder under the action of gravity, as an example of the methods 
developed in the paper. In a cylinder of radius a, inclined at an angle a, 
the velocity at a distance r from the axis is k(a? — 7?) + U, U being 
the velocity at the surface, and k=+9sina/p. In 1860 Helmholtz ? 
considered the analogous question where the motion is caused by a dif- 
ference of pressure at the two ends, allowing also for a certain amount of 
slipping at the surface of the tube. Here the velocity is given by 
k(a? + 2a — r*), where i = (diff. of pressures) /4ul, which gives a 
flow of 4rkp(at + Xa), agreeing well with experiments. The same 
question has also been treated by Stefan, Boussinesq, Butcher, Graetz, and 
Greenhill. Stefan? takes into consideration a motion of rotation of the 
vessel as well. Boussinesq’s‘ investigations are more general than the 
others, and extend to tubes of non-circular sections. Considering the 
2 2 
equation + = + 4k = 0, which gives the velocity parallel to the axis, 
he shows, from the principle of similitude, that in tubes of similar sections 
the velocities at corresponding points are proportional to / and the areas 
of sections, and that the flows in the same times are proportional to the 
fourth powers of the constant of similarity—the forces acting being the 
same. He then solves for the particular cases where the sections of the 
tubes are—(1) elliptic, (2) rectangular, and (3), in a note at the end of 
the paper, where the section is an equilateral triangle. If A be the area 
of the section, the flow for the elliptic tube is kAa*b?/(a? + b?) for the 
triangular (sides = 2a) is kAa?/5, whilst for the rectangular the expres- 
sion is naturally more complicated. After noticing the case where in 
a straight tube the section gradually changes, he passes on to consider 
the motion where the axis of the tube is circular. This is interesting, as 
a steady motion in circles is impossible if the boundary is at rest. Treat- 
ing the velocities in any section of the tube as small compared with the 
velocity across it, he solves the equation when the section is a rectangle 
whose height is small compared with its breadth. The motion consists 
of two circulations combined with a translatory motion along the tube of 
greater magnitude. If the rectangular section be divided by a medial 
line in the plane of the tube, the circulations may be represented by 
supposing the particles of fluid near it to move outwards, increasing 
their distance from it, and at last, on nearing the outer boundary, revers- 
ing their direction, and coming back nearer the longer sides. A similar 
result was also subsequently (1875) arrived at by Oberbeck. Boussinesq° 


1¢On the theories of the internal friction of fluids in motion, &c.’ Camb. Phil. 
Trans. viii. p. 287. 

2*Ueber die Reibung tropfbarer Fliissigkeiten, Sitzber. d. k. Ahad. Wiss. 
Wien. xl. p. 652, and Collected Works, Bd. I. p. 215. 

’* Ueber die Bewegung fliissiger Kérper,’ Sitzber. d. k. Ahad. Wien. xlvi. p. 495. 
The dimensions of the coefticient of viscosity are wrongly given. He seems to regard 
the vortex rotations as if the small elements of fluid turned round as rigid bodies. 

4*Mémoire sur l’influence des frottements dans les mouvements réguliers des 
fluides,’ Liowy. (2) xiii. p. 377 (1868). 

5<¢Hssai sur la théorie des eaux courantes,’ Acad. des Sciences. Paris. Mém. 
par divers Savants, xxiii. xxiv. 1877. This is a long memoir, consisting of 680 quarto 
pages of printing. The latter part is devoted to wave motion, and this contains 
‘some results of value—especially the theory of the solitary wave; but this had been 
published before in Liouville. (See first part of this report.) 
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has published further investigations on the same subject, but more from 
the point of view of the hydraulic engineer. 

In 1876 Butcher, in his paper before referred to,! also touches on 
the question of the motion in straight tubes, but without adducing new 
results. Besides this he finds the general form for Stokes’s stream func- 
tion for a motion taking place in planes through an axis. Graetz? has 
worked out precisely the same questions as Boussinesq, to whose work 
he does not refer. He has taken the trouble to calculate numerical 
results for a tube with a square section, and has also followed ont St. 
Venant’s idea by taking algebraical solutions of the equations, and finding 
for what shaped tubes they are the solutions. 

Greenhill? has made a valuable remark by which the motion of a 
viscous fluid in a straight tube of any section, without gliding at the 
surface, may be deduced at once from the solution for the case of the 
motion of a perfect fluid in a cylinder of the same section rotating about 
its axis. This is seen at once when it is noticed that the differential 
equation for the velocity parallel to the axis in the first case has precisely 
the same form as that for the stream function relative to the boundary, 
rotating with an angular velocity 2k; and that the bounding condition for 
the two functions is the same, if in the first case the fluid is supposed to 
stick fast to the boundary. In this way the velocities in tubes whose 
sections are a circle, an ellipse, an equilateral triangle, two hyperbolas, 
a sector of a circle, and a rectangle, are written down at once. 

Cylinders.—If two co-axial cylinders rotate with different velocities, 
1, @, the velocity of the fluid between at a distance + from the common 
axis, when steady, has been given by Stokes,* with a single cylinder in 
an infinite fluid as a particular case. When the motion takes place 
between two co-axial cylinders at rest—being produced and kept up by 
pressures across two plane sections through the axis—the expression for 
the velocity is not algebraical as in the previous case. The solution for 
this is due to Boussinesq, and is given in his paper in Lionyille just 
referred to. Rohrs® treats a similar question, taking account of non- 
permanent motion. The determination of the motion of the fluid when a 
cylinder oscillates in a direction perpendicular to its axis, forms one of 
the chief problems considered by Stokes® in the second of his classical 
papers on viscosity. The method employed is precisely similar to that 
adopted for the corresponding problem for the sphere (noticed below) ; 
but, unfortunately, the solution of the differential equations occurring 
cannot be represented in finite forms, as in that case. The functions 
entering are cylindric harmonics, and this introduces a difficulty in ap- 
plying the condition of finite motion at an infinite distance, to determine 
the arbitrary constants appearing in the solution, but that is surmounted. 


1¢On Viscous Fluids,’ Proc. Lond. ‘Math. Soc. viii. p. 120. (See first part of 
report, p. 79.) His analysis is wrong where he considers the determination of the 
arbitrary constants in the solution from the bounding conditions. 

2 «Ueber die Bewegung von Fliissigkeiten in Réhren,’ Zits. f. Math. wu. Phys. 
XXv. pp. 316, 375 (1880). 

3¢On the flow of viscous fluid in a pipe or channel,’ Proc. Lond. Math. Soc. xiii. 
p. 43 (1881). 

4¢QOn the friction of fluids, &c.’ (1845). 

5 «Spherical and cylindric motion in viscous fluids,’ Proc. Lond. Math. Soc. v. 
p. 133 (1874). : ° 

5¢On the effect of the internal friction of fluids on the motion of pendulums,’ 
Camb. Phil. Trans, ix. part ii. p. 35. 
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The results are used to determine the effect of the wire by which it is 
suspended on the time of oscillation of a ball-pendulum. If it be pro- 
posed to determine the state of motion of the fluid due to a uniform 
translation of the cylinder, it will be found that a steady motion of the 
fluid will be impossible, but that as the time increases the quantity of 
fluid carried forward with the cylinder continually increases. In fact, if 
the differential equation for the stream function be integrated on the 
supposition of steady motion, it will be found that, though the integral 
takes a simple finite form, there are not arbitrary constants sufficient to 
satisfy the conditions. 

Plane and Disc.—The determination of the motion of a disc ina viscous 
fluid is important, as it forms a useful method to determine experimen- 
tally the value of the coefficient of viscosity for different fluids. The 
method was first employed by Coulomb, but first received mathematical 
treatment by Stokes (1850), and afterwards (1861) by Meyer. Stokes! 
begins by investigating the motion when an infinite plane oscillates in its 
own plane, so that its displacement at any time is given by c sin nt. The 
displacement at any point in the fluid at a distance w is then given by 
esin {nt —a2/(n/2u)} x exp—2V/(n/2u). A given phase is therefore 
propagated with a velocity / 2un. This for air, treated as incompres- 
sible, andfor a time of vibration of one second, is about *2908 inch per 
second. The solution for a disc oscillating in its own plane can then be 
obtained by treating each element of it as a portion of the above plane, a 
solution which is exact if the squares of the velocities are neglected, except 
in so far as the action of the rim is concerned. In this way he finds the 
change in the‘time of vibration due to viscosity, and also the logarithmic 
decrement of the arc of oscillation, with a correction to be applied, 
because the observations are made soon after the disc is set in motion, 
and before the motions, due to the starting in a fluid at rest, have dis- 
appeared. The results obtained enable him to discuss the observations of 
Coulomb. 

Without a knowledge of Stokes’ work, O. H. Meyer? attacked the 
same problem about ten years later. He supposes the angular velocity 
of the fluid to depend only on the distance from the disc, and not on the 
distance from the axis of rotation. This is equivalent to Stokes’ appli- 
cation of the motion for a plane to that for a disc. He also determines 
the logarithmic decrement. 

The Sphere.—The analytical difficulties connected with this surface 
may be considered to have been surmounted, chiefly through the work of 
Stokes, Meyer, and Oberbeck. In his second paper on viscosity of 
fluids Stokes! attacks the problem of the motion by expressing the velo- 
cities in terms of the stream function—first introduced by him—ana 
making the determination of this stream function the basis of the investi- 
gation. The motion is supposed so small that squares and products of 
the velocities may be neglected. In this case the stream function } must 
satisfy the differential equation? y2(v? x ppu7!d/dt)p = 0, the solution 
of which can be represented in the form ~=w, + W. where y*y,=0, 
(9? + ppld/dt)b,=0. The complete solution of this is not entered 


'*On the effect of the internal friction of fluids on the motion of pendulums,’ 
Camb Phil. Trans. ix. part 2, p. 8 (1850). 
? «Ueber die Reibung der Fliissigkeiten,’ Borch. lix. p. 229. 
$I use — y? to denote the operation d?/dz* + d?/dy* + d?/dz?, or, in this case, 
@/ dx? < ieee — w—'d/dw, as y denotes the vector operator id/dx + jd/dy + kd|dz. 
1882. F 
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upon, but the simpler and more important case where the motion begins 
from rest is worked out in detail. If the displacement of the centre of 
the sphere be given by the equation =c sin nt, then the stream func- 
tion, when the surrounding fluid is infinite, is 
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where v = /(n/2n), whence the pressure and resultant force on the 
sphere are easily deduced in simple forms. The latter consists of two 
terms, whose effects on the motion of a pendulum are different. If r 
is the time of oscillation, the effect of one term is to produce an apparent 
increase of inertia equal to kM’, whilst the other has most effect on the 
kM’ 
Meigen 
M,M’ denote the masses of the sphere, and of the fluid displaced by 
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He then passes on to investigate the effect of a concentric spherical 
boundary. When the effect of the boundary is small it is sufficient to 
treat it as absent, and then add small corrections to the results. If the 
viscosity is small, or if the time of oscillation is small, this correction is 
the same as if there were no viscosity.! 

We have seen (p. 27) that a steady motion of the fluid when a 
cylinder moves uniformly through it is impossible. This is not so with 
the sphere. In this case Stokes shows, that, if V be the velocity of the 
sphere, | =+3a?V(38r/a —a/r) sin 26 (axes fixed in the sphere), and 
that the force necessary to maintain the motion is 67naV. This varies 
only as the radius of the sphere, ‘accordingly, fine powders remain 
nearly suspended in a fluid of widely different specific gravity.’ Ifa 
sphere of density o be descending through a fluid under gravity, the 
limiting velocity (if it is not very great) is 2g(o¢ — p)a?/9u'; this for a 
globule of water in air, of ‘001 inch diameter, is 1°593 inch per second, 
whiist for one with a diameter of ‘0001 inch, it is less than one-sixteenth 
of an inch per second. 

In a note at the end of this paper it is shown that if a sphere rotate 
about a diameter the particles of the fluid move, when the motion is 
steady, in annuli, with velocities. given by v = a*w sin 0/7?, w being the 
angular velocity of the sphere; and that, in general, the motion is given 
by v =’ sin 0, where v’ is a function of + alone. This steady motion in 
annuli is only possible when the motion is slow; if it is not so, then with 
the annular motion is combined one in planes through the axis: ‘In 
fact it is easy to see that, from the excess of centrifugal force in the 
neighbourhood of the equator of the revolving sphere, the particles in 
that part will recede from the sphere and approach it again in the 
neighbourhood of the poles, and this circulating motion will be com- 


amplitude of vibration, the log decrement being ne 
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1 See above, p. 51. 
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bined with a motion about the axis.’! This may be compared with 
Boussinesq’s results for a circular tube of rectangular section, referred to 
above. 

This investigation by Stokes is a most important one, forming as it 
does the first application of mathematical reasoning with any success to 
the problem of the motion of pendulums in non-perfect fluids. The second 
part of the paper, forming about one-third of the whole, is devoted to the 
discussion of the observations of Baily, Bessel, Coulomb, and Dubuat, and 
the values of » for water and air are deduced from their experiments. The 
investigations with reference to cylinders and vibrating discs have been 
already referred to. 

Stokes had considered the case when the fluid was originally at rest 
without vortex motion in any part, and had, therefore, taken only those 
particular solutions of the differential equations which ,, W». satisfy, in 
which @ enters as the factor sin 0. In 1870, O. E. Meyer? took up this 
question and showed that the general solutions are expressed in the forms 


wb, = 3(AO, + BZn)Ry exp (A), bo = 2(COn + DZn) Sn exp (2A) 


where 0, Z are functions of 0 alone, and R, S of r, both of finite forms. 
In fact, the 0, Z are proportional * to sin 6dP/d0, where P is a zonal 
spherical harmonic. The work is too complicated to be described with 
any fulness here, but it is carried out with much skill, account being 
taken of a concentric boundary. He proves, amongst other things, that 
the motion due to the original state of the fluid decreases indefinitely with 
the time, 7.c., that the equation giving the values of \ has all its roots 
pure imaginaries except for the case n = 1 or 0, = sin?0 (Stokes’ case), 
in which it is complex, giving periodic vibrations with decreasing ampli- 
tudes. In the particular case where the external boundary is infinitely 
large, Meyer’s results agree with those of Stokes for the time, but there 
is a slight difference for the log decrement. When the surrounding fluid 
is elastic the results must be modified; this has also been considered by 
Meyer’ who has determined the log decrement under these conditions, 
and has shown that when the velocity of sound in the fluid is very great 
the correction may be neglected without sensible error. Meyer refers to 
a paper by C. J. H. Lampe® on the same subject, but this I have not 
seen. 

The inyestigations both of Stokes and Meyer are based on the stream 
function, but this is only suitable when the motion takes place in planes 
through an axis. When this is not so, recourse must be had to the 
quaternion potential first introduced by Helmholtz ® in his paper on 
vortex motion. The investigation on these lines has been carried out by 


1 «Qn the theories of the internal friction of fluids in motion,’ &c. Camb. Phil. 
Trans., viii. ; or reprint, vol. i. p. 103, 1845. The connection of this with part of 
Siemens’ theory of the conservation of the sun’s heat is evident. 

2 «Ueber die pendelnde Bewegung einer Kugel unter dem Hinflusse der inneren 
Reibung des umgebenden Mediums,’ Borch. Ixxiii. p. 31. 

’ “Ueber die Bewegung einer Pendelkugel in der Luft,’ Borch. Ixxy. p. 336, 
1873. 5 

4 Thid. 

* «Ueber die Bewegung einer Kugel, welche in einer reibenden Fliissigkeit um 
einen senkrechten Durchmesser als feststehende Axe rotirend schwingt,’ Programme 
des Stddtischen Gymnasiums zu Danzig, 1866. 

§ See Part I. of this report, Brit. Assoc. Rep. 1881, p. 60, 
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Oberbeck,! and later and independently by Craig.? As is known the velo- 
cities are in this method expressed by functions P, L, M,N, so that 
u=dP/de +dN/dy —dM/dzwithy?P =0. dL/de+dM/dy + dN/dz=o, 
and the vortex rotations given by = y*L, &c. He takes the most general 
form for P in spherical harmonics with no normal velocity at the surface 
of the sphere; in other words, if Y, be any solid harmonic of degree n, 


then 
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By means of an important theorem of Borchardt’s, L, M, N are then 
expressed in the form L=z dF/dy — y d¥/dz, with similar expressions 


for M, N, where 
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The above theory applied to a sphere moving uniformly gives values 
for the velocities which agree with those of Stokes. Expressions are also 
given for the vortex rotations, from which it can be easily proved that the 
vortices of equal strength lie on concentric spheres, and that the strengths 
are inversely as the squares of the radii of the spheres on which they lie. 
The theory given by Craig is almost identically the same, as indeed any 
theory, starting from the basis of Borchardt’s theorem and the quaternion 
potential, must be. 

The motion of fiuid inside a sphere was first investigated by Helm- 
holtz,? allowance being made for a slipping of the fluid over the surface 
of the boundary. The paper in which his investigation appeared was 
a joint one, containing the mathematical theory by Helmholtz, and the 
experimental by Piotrowski. The motion is considered so small that 
squares of the velocities may be neglected, and in this case the motion is 
such that it may be represented by supposing concentric shells of the 
fluid to revolve as if rigid with an angular velocity depending on the 
radius of the shell, the most general expression for which is a sum of 
terms of the form 
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and a is in general a complex. The motion can be represented as a series 
of waves propagated to the centre with rapidly decreasing intensity, and 
there reflected. If, for example, the boundary have a simple har- 
monic motion of period 7, the velocity of propagation of these waves 
will be 2,/(y7/7), and is therefore dependent on the time of vibration. 
Whilst the wave moves through a wave-length 2,/ (zr), the amplitude 
diminishes in the ratio 1. to exp.( — 27), or from 1 to 1/535. Helmholtz 
works out the motion for the sphere as applicable to the data in 
Piotrowski’s experiments. These experiments contain the first attempt 
to approximate to the value of the coefficient of gliding. The values 
ef this found for alcohol and ether are so small that they are probably 


' ¢Ueber stationiire Fliissigkeitsbewegungen mit Beriicksichtigung der inneren 
Reibung,’ Borch. 1xxxi. p. 62, 1875. 

2 «On steady motion in an incompressible viscous fluid,’ Phil. Mag. (5) x. p. 342 
(1880) 

3 ‘Ueber Reibung tropfbarer Fliissigkeiten,’ Sitzber. d. kh. Ahad. Wiss. Wien., xl. 
p. 607 (1860), and Wissenschaftlichen Abhandlungen, i. p. 172. 
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evanescent, whilst for water in contact with a gilded surface it is con- 
siderable. 

The same problem has been investigated by Litbeck ' (1873), starting 
from Meyer’s solution of the equation for the stream function, and by 
Rohrs 2 (1874), who took up the question from the point of view of pre- 
cession, and considers the case where the axis of rotation slowly changes. 
_ The Ellipsoid.—The expressions for the velocities when a sphere moves 
through a viscous fluid have suggested to Oberbeck * the form of the solu- 
tion for an ellipsoid moving parallel to one of its axes. He shows that if Q 
denote the potential of the ellipsoid at an external point, in the form given 
on page 17, and Q=27 a then the velocities of the fluid, when the 


0 ? 
ellipsoid moves parallel to the axis a with velocity V, are given by 
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The force on the ellipsoid necessary to keep up uniform motion is then 
8rp'ae, where ¢ is the measure of the charge of electricity induced on the 
ellipsoid when it is charged to potential Qo. 

The oscillations of a viscous spheroid have been treated by G. H. 
Darwin and Lamb. In the investigations of the former, which are devoted 
more directly to researches on the past history of the earth, the motions 
are treated as very slow, and the coefficient of viscosity as large, so that 
the problems considered belong more to the domain of elastic solids than 
to that of hydrodynamics. The latter > has considered the general solution 
of the equations of motion when the velocities are so small that their 
squares can be neglected. The first part of his paper is devoted to the 
solution of the system of equations 


(vy? — h?) w= 0, (vy? — h?) v=0,(9? — h?)w = 0, and 
du]dx + dv/dy + dw/dz=0. 


This is then applied to investigate the oscillations of a sphere slightly 
distorted and moving under its own gravitation, and an equation is 
obtained on whose roots depend the time of oscillation and the logarithmic 
decrement of the amplitude. This equation is easily solved either for the 


1 «Ueber den Einfluss, welchen auf die Bewegung eines Pendels mit einem kugel- 
férmigen Hohlraume eine in ihm enthaltene reibende Fliissigkeit ausiibt,’ Borch. 
Ixxvii. p. 1. 

2 «Spherical and cylindric motion in viscous fluid,’ Proc. Lond. Math. Soc., V. p- 
125. 
3 «Ueber stationiire Fliissigkeitsbewegungen,’ &c. Borch. 1xxxi. p. 62. 

4 ¢ Bodily tides of viscous spheroids,’ Phil. Trans., part i. 1879. 

‘Problems connected with tides of a viscous spheroid,’ Phil. Trans. part ii. 1879. 
5 ¢On the oscillations of a viscous spheroid,’ Proc. Lond. Math. Soc. xiii. p. 51, 
1881. P 
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case of very large viscosity or very small. For very large viscosity the 
result agrees with that of Darwin’s and the displacement subsides without 
oscillation. For very small, the time of oscillation agrees with that for a 
perfect fluid, found by Thomson,’ whilst the ‘modulus of decay,’ ¢.e. the 
time in which the amplitude decreases to 1/e of its original value, is 
(n —1)(2 + 1)p/a?, for an harmonic displacement of order n. This 
for a sphere of water of the size of the earth is 1:84 x 10" years. For 
a globule of water oscillating under the action of its surface tension, the 
time of oscillation is 27/, where 6? = n(n — 1)(n + 2)T/pa where T is 
the surface tension. For the slowest oscillation (n = 2) the modulus of 
decay of a globule of water is 14°3 a? seconds, the radius a being ex- 
pressed in centimetres. 

The effect of viscosity on the motion of waves has been discussed by 
Stokes,” Boussinesq,*? Lamb,‘ and others. The rate of decay of the mction 
obtained by Stokes is double the true value—an error caused, as both 
Boussinesq and Lamb have pointed out, by an oversight of the former in 
neglecting the potential energy of the motion. 


Postscript. 


I find I have omitted to notice a paper by Lodge ‘On some Problems 
connected with the Flow of Electricity in a Plane,’ Phil. Mag. (V.), 
vol. 1. (1876), in which the motions in plane triangles, rectangles, and 
circles are treated. 


Report of the Committee, consisting of Professor G. CAREY Foster, 
the late Mr. C. Hockry, Sir WILLIAM THOMSON, Professor AYRTON, 
Mr. J. Perry, Professor W. G. ApAMs, Professor Lord RayLEIGH, 
Professor F. Jenkin, Dr. O. J. LopGE, Dr. Joon Hopxrson, Dr. A. 
MurrveEaD (Secretary), Mr. W. H. PREECE, Mr. HERBERT TAaYLoR, 
Professor EvERETT, and Professor ScHUSTER, appointed for the 
purpose of constructing and issuing practical Standards for 
use in Electrical Measurements. 


Tur Committee have to report that Mr. Taylor has continued the experi- 
ments upon the temperature-coefficient of the resistance of metals and 
alloys, the first results of which were communicated at the York meeting. 
In consequence of Mr. Taylor’s absence from the country, the details of 
the further experiments cannot be communicated at present ; but it may 
be stated that they have shown the possible influence of the process of 


1 See above p. 24. 

? «On the effect of the internal friction,’ &c., cited above. 

* “Additions et éclaircissements au mémoire intitulé Essai sur la théorie,’ &c. 
Mém. de Sav. Etran. xxiv. (1877). 

4 © On the oscillations,’ &c., cited above. 


ON STANDARDS FOR USE IN ELECTRICAL MEASUREMENTS. @ 


annealing on the specific resistance of wires and on the temperature- 
coefficient to be much greater than has hitherto been commonly supposed. 
The following are examples of some of the results obtained :— 

German Silver—Wire drawn to be extremely hard and brittle. The 
percentage variation of resistance, for 1° between 13° and 100° C., was 
0:0296. After annealing, the percentage variation of the same wire was 
0:0421. 

Steel.—Wire, 0°025 inch diameter, thoroughly hardened, and then 
tempered in paraffin wax at 230° C. :— 

Percentage variation of resistance for 1°, 0:267. 

Same wire annealed ; percentage variation for 1°, 316. 

At 9° C., the ratio of the absolute resistance of this wire in the hard 
state to that of the same wire when annealed was 1-229. 

Platinum-Silver Alloy.—A piece of wire made from a particular bar 
of the alloy was hardened by being drawn down through a couple of 
holes of the draw-plate. In this state the variation of resistance was 
0°0255 per cent. per degree. After annealing in the ordinary way, the 
variation of resistance per degree was 0°0258 per cent. The same wire 
was next placed in an iron tube which was filled up with sand and left 
all night in the fire. After this treatment, the percentage variation of 
resistance per degree was 0:0344. 

Platinum-Silver Alloy, another specimen.—A wire from a second 
bar of the alloy was annealed at a very high temperature and left to soak 
in the fire and cool slowly, as in the last-mentioned experiment. The 
variation of resistance was now 0°095 per cent. per degree, and the wire 
was as soft as pure silver and very fragile. After being heated to red- 
ness and quenched iu water, the corresponding variation of resistance of 
the same wire was 0'076; and when the wire had been drawn down 
through two or three jewel-holes, it was 0°0732. 

These results indicate a connection between the temperature-coefficient 
of wires and their degree of hardness, and tend to reopen the question as 
to the most trustworthy material for a permanent standard of resistance. 
The Committee understand that Mr. Taylor will continue his experiments 
with the co-operation of Dr. Muirhead. 

The Committee are pleased to be able to report that there is a pro- 
spect that Lord Rayleigh may be able to organise, at the Cavendish 
- Laboratory, Cambridge, a system of testing resistance-coils and issuing 
certificates of their correct value at a specified temperature. 

As stated in the Report presented last year, Dr. Muirhead has con- 
sented, at the request of the Committee, to issue standards of capacity 
upon his own responsibility. 

The Committee regret that they are not able to report any progress 
towards the construction of a standard of EHlectromotive Force. 

They are unwilling to conclude without expressing their deep sense of 
the loss which not only they, but all friends of physical science, have 
suffered in the death of one of the most valued of their colleagues, Mr. 
Charles Hockin. 
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Fifteenth Report of the Committee, consisting of Professor EVERETT, 
Professor Sir Witu1am THomson, Mr. G. J. Symons, Sir A. C. 
Ramsay, Professor A. GEIKIE, Mr. J. GLAISHER, Mr. PENGELLY, 
Professor Epwarp Hutu, Dr. C. Le NEvE Foster, Professor A. S. 
HERSCHEL, Professor G. A. LEBouR, Mr. A. B. WYNNE, Mr. GALLO- 
way, Mr. JosepH Dickinson, Mr. G. F. Deacon, Mr. E. WETHERED, 
and Mr. A. StRAHAN, appointed for the purpose of investigating 
the Rate of Increase of Underground Temperature downwards 
m various Localities of Dry Land and under Water. Drawn 
wp by Professor EVERETT (Secretary). 


One portion of the duty assigned to the Committee is the investigation 
of the rate of increase of underground temperature downwards wnder 
water. 'This part of their task has remained in abeyance until the past year, 
but through the good offices of Professors Lebour and Merivale observa- 
tions have now been obtained from a colliery which runs to a considerable 
distance under the sea at Whitehaven, Cumberland. 

The observations were taken in holes bored upwards for the purpose 
to a distance of 4: feet in the roof of the ‘ Main Band,’ at Croft Pit, under 
the direction of the manager, Mr. G. H. Liddell. 

The holes were well plugged with clay, and the thermometer (one of 
the Committee’s slow-action instruments) was in each case left in the 
hole for 7 days. The distance beyond low-water mark was 430 yards in 
the case of two of the boreholes, and 1,340 yards in the case of the other 
two. The depths below ordnance datum were 1,140 feet for the two 
former, and 1,250 feet for the two latter. The depth of the sea in all 
four cases is estimated at 12 fathoms. The temperature observed was 
exactly the same in all four holes, namely, 73° F., and, in one instance, 
this was verified by reinserting the thermometer with its bulb upwards 
instead of downwards. These data give 1,195 feet as the mean depth 
below ordnance datum, and 1,123 feet as the mean depth below the bottom 
of the sea. Assuming 48° as the mean temperature of the bottom of 
the sea, we have, therefore, an increase of 25° F. in 1,123 feet of ground, 
which is at the rate of 1° F. in 45 feet. 

Mr. E. Garside has furnished two more observations, one of them 
from the same neighbourhood as his previous observations—the Hast 
Manchester coal-field—and the other from South Staffordshire. They 
were made with the slow-action thermometer, used in precisely the same 
manner as before. 

The former observation was taken on May 4, 1882, in Denton Colliery, 
Lancashire. The hole was drilled at 1,317 feet from the surface, nearly 
vertically below the bed of the river Tame, which divides the estate of 
Denton Colliery from that of Bredbury Colliery, and the temperature 
observed was 66° F, Assuming a surface temperature of 49°, this gives 
an increase of 17° in 1,317 feet, which is at the rate of 1° in 774 feet, 
being nearly identical with that found at Bredbury Colliery. 

The other observation was made at Lye Cross Colliery, Dudley (north 
of Wolverhampton). The thermometer was placed, as usual, in a hole 
about 4 feet deep, drilled for the purpose in ground newly opened, free 
from cracks or other visible irregularities, and also free from any strong 
air-current. It was at the depth of 700 feet from the surface, in the hard 


ON THE RATE OF INCREASE OF UNDERGROUND TEMPERATURE. 73 


shales which are 8 feet in thickness, forming the floor of the ten yards 
coal and roof of the Heythen coal, the total thickness of the seam worked 
(with small parting) being about 52 feet. The temperature observed 
was 57°°5 F. which, with an assumed surface temperature of 49°, gives 
an increase of 8°-5 in 700 feet, being at the rate of 1° F. in 82 feet. 

The colliery is situated on the summit of a hill 822 feet above sea- 
level, so that the point at which the observation was taken was 122 feet 
above sea-level. The convexity of the ground must be taken into account 
as one element in endeavouring to account for the slowness of the ob- 
served rate of increase. Of the 700 feet of superincumbent shales, about 
470 consist of coal measures, 165 of clay marl, and 65 of basalt, connected 
with dykes whose many branches traverse the coal at slopes varying from 
vertical to horizontal. The basalt is found to contain, when newly cut 
open, a remarkable quantity of salt water; and the charred coal next to 
the dyke is as porous as ordinary coal cinders for a distance of several inches 
from the dyke. 

The Secretary has had a correspondence with Mr. Garside respecting 
the quantity of water found in the East Manchester coal-field. This 
quantity is very large, as appears from a list furnished by Mr. Garside of 
the number of gallons pumped per minute from each of thirteen pits 
during the sinking, the list being given on the authority of William 
Seddon, Esq., mining engineer, who was contractor for the sinking of 
them. The average is 360 gallons per minute for each pit, the highest 
being Denton Colliery with 1,000 gallons, and the lowest Valley Pit, 
Denton, with 120 gallons. Particulars are also given of the quantity 
now pumped from some of the collieries, amounting in some cases to 800 or 
900 gallons per minute. Some of the collieries have been repeatedly 
flooded, and one is mentioned (Lord’s Field Colliery) which was aban- 
doned on account of water, though its owners were makers of hydraulic 
machinery, and tried their utmost to keep the water down. Some of the 
pits were formerly the sources of water-supply for towns in the district. 
In Astley Deep Pit, Dukinfield, the shaft is ‘tubbed’ with cast-iron rings 
to keep the water back; and most of the shafts in the district are made 
as water-tight as possible. Mr. Garside refers to the ‘ Memoir of the 
Geological Survey round Oldham,’ as stating, on page 45, that five million 
gallons a day are estimated as being raised from the New Red Sandstone. 

The question naturally arises whether this abundance of water does 
not exert a powerful convective action, and furnish the explanation of the 
slow increase of temperature downwards, which has been observed not 
only in the coal mines of this district but also in a still more marked 
degree at the Liverpool waterworks at Bootle. . 

Nine years having elapsed since the last observations were furnished 
from the great well at La Chapelle in the north of Paris, which was then 
in course of sinking, the Secretary has put himself in communication with 
the contractors to learn what progress has been made, and has received a 
letter dated July 8, 1882, giving a history of the undertaking during the 
interval. 

The continual crumbling down of the sides rendered tubing necessary, 
and a tube was accordingly constructed 677m. long, 13m. in diameter, 
and 2 centimetres thick. During the lowering of it, a portion 120m. 
long broke off and fell to the bottom, leaving another piece 100m. long 
suspended. This suspended piece was successfully extracted withouy 
difficulty, but the fallen piece was not easily dealt with. It was first cut 
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into four lengths by a new and special tool, and three of these were 
raised ; but the fourth was so broken and jammed that the extracting 
tool could not remove it. Dynamite was tried, but its explosive violence 
was so deadened by the superincumbent pressure, that it proved power- 
less, and a special engine had to be constructed for crushing the broken 
pieces. This task has now been successfully accomplished, and the work 
is accordingly just as forward as it was before the tubing was com- 
menced. The Municipal Council of Paris have now ordered the con- 
tinuance of the operations, and the tubing will be recommenced. Owing 
to the difficulties above described, the well is now no deeper than it was 
when the last observations of temperature were taken in it nine years 
ago. 
: Two slow-action thermometers have been sent to Mr. W. Galloway 
(Member of the Committee and Inspector of Mines, Cardiff), for obser- 
vations in mines. 

One slow-acting and one Negretti maximum thermometer have been 
sent to Mr. T. W. Rumble, Engineer of the Southwark and Vauxhall 
Water Company, for observations in a deep well now sinking at Tooting. 

A slow-acting thermometer has also been supplied to Mr. Griffith, 
Manager of a Colliery at Wrexham. 

This, the fifteenth Report of the Committee, is accompanied by a 
summary, which has been made by the Secretary, of the fourteen pre- 
ceding Reports, together with as much as it was possible to include of 
the present Report. 


Summary OF RESULTS CONTAINED IN THE First Firteen Reports oF THE 
Unpercrounp Temperature Commirtnr. By Professor Everett (Secre- 
tary). 


The fourteen reports hitherto published are contained in the consecu- 
tive volumes of British Association Reports, commencing with that for 
1868, except that the report for 1874 having been by mistake omitted 
from the volume for that year, is inserted in the volume for 1875 instead. 

The following Table, showing the page at which each report com- 
mences, will facilitate reference :— 


Report Volume Page Repor Volume Page 
De ete, [OOS oem DIO) L/L Se TS NGS 
Ts. pe. 9 LL SOO) an mem nG HIBS vested cena 27 (sytem oh) 0): 4 

ee. 18 70D eS LST Py eos 

UVGFORE STL. Gea 14! KE) On L188 oka is 
Vitamin 22 1872) vce a es SED ye sore ASTI «il pe paetO 

AM meer sia oo Cp RCT ts, se, t. 1880 ivubtemeeee 

No. ge eae UO erm. ean. ACW. os pL BSL) cee 


In the references which we shall have to make, the number of the 
report will be indicated by Roman, and the page by Arabic figures. 

We shall classify the results as follows :— 

A. Instruments. B. Methods of observation. OC. Questions affect- 
ing correctness of observations. D. Questions affecting deductions from 
observations. EH. Comparison of results. F. Mean rate of increase of 
temperature with depth, and mean upward flow of heat. 

A. InstruMEnts.—Under this head we have— 

1. Instruments for observing temperature. 2. Subsidiary apparatus. 

1. The thermometers which the Committee have employed haye been 
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of two kinds—slow-action thermometers and maximum thermometers. 
The present pattern of slow-action thermometer consists of a thermometer 
having its bulb surrounded by stearine or tallow, the whole instrument 
being hermetically sealed within a glass jacket, and had its origin in a 
conference between the Secretary and Dr. Stapff in the St. Gothard 
tunnel (VIII., IX., XI.) Other slow-action methods described in the 
reports are—Angstrom’s thermometer in bottle of water (I.), large spirit 
thermometer (I.), Symons’ thermometer in a thick casing of felt (II.). 

Our present patterns of maximum thermometer are two—the Phillips, 
and the Inverted Negretti—both being hermetically sealed in strong glass 
jackets to prevent the bulbs from receiving pressure when lowered to a 
great depth in water. 

Both instruments are used in a vertical position, and it is necessary 
that they register truly in spite of jolts in hauling up. The Phillips pat- 
tern was used first (I., II., III.), and there were continual complaints of 
the detached eolumn shaking down, till it was pointed out by Professor 
Phillips himself, that the fault arose from the bore not being small enough. 
This defect was remedied (VI.), and the instrument has since worked 
perfectly, but it requires good light and sharp eyes to read it. 

The Inverted Negretti (IV.) was contrived by the Secretary with the 
view of overcoming the difficulty as to jolts, but the contrivance had been 
anticipated many years before by Messrs. Negretti & Zambra themselves. 
It is easily read and managed, but it has a theoretical defect in requiring 
a slight correction for the difference between the temperature at the time 
of taking the reading and the maximum temperature recorded. 

References to some other kinds of maximum thermometer will be found 
in some of ‘the reports, namely, to Walferdin’s (IV.), Lubimoft’s (IV., 
V.), and Magnus’ (1X.), all these being of the class of overflow ther- 
mometers. 

References to Becquerel’s thermo-electric method of observing under- 
ground temperature were made in three of the reports (1., XI., XII.), and 
some laboratory experiments were subsequently carried out by the 
Secretary which led to the conclusion that the method could not be re- 
lied on to yield sufficiently accurate results. It may be mentioned that 
Becquerel’s observations are only carried to the depth of 100 feet, whereas 
we require observations at the-depth of 1,000 or 2,000 feet. 

2. As regards subsidiary (that is non-thermometric) apparatus, Mr. 
Symons’ apparatus for lowering and raising thermometers to and from 
any required depth in a deep well (1,000 feet deep in this case), is de- 
scribed with an illustration in the second report. 

Plugs for preventing convection-currents in a bore or well are suggested 
in the first report. Herr Dunker’s two forms of plug successfully employed 
by him at Sperenberg, are described in the ninth, and Professor Lebour’s 
umbrella-like plug in the ninth, tenth, and twelfth. In its final form 
(XII.) it appears to be very convenient, as it requires only one wire. It 

| remains collapsed so long as the wire is taut, but opens out and plugs the 
hole when it becomes slack. 

B. Meruops or Oxssrrvation. These have chiefly been of two kinds. 

1. Observations in holes bored to the depth of a few feet in newly 
opened rock, either in the workings of a mine or a tunnel, or in a shatt 
during the sinking. The rock should not have been exposed for more 

_ than a week when the hole is bored, and a day may be allowed to elapse 
for the heat generated by boring to escape before the thermometer is 


j 
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inserted. Very complete plugging is necessary to exclude the influence 
of the external air. It is desirable to use about two feet of plugging, of 
which the outer part should be made airtight with plastic clay or greased 
rag. After the lapse of a few days, the thermometer is to be drawn out 
by means of a string attached to the handle of its copper case, and the 
reading taken. The slow-action thermometer above described is employed 
for this purpose, and there is time to read it with sufficient deliberation 
before any appreciable change occurs in its indication. It is recommended 
that the thermometer be then reinserted and plugged as before, and a 
second reading taken after the lapse of a week. The majority of our 
successful observations have been made by this method. 

2. Observations in deep bores of small diameter. 

The first report contained a successful application of this method to a 
bore about 350 feet deep, near Glasgow, which gave very regular results in 
a series of observations at every sixtieth foot of depth ; but in the majority 
of instances in which it has since been applied, there have been marked 
irregularities, due apparently to the influx of water from springs at 
particular points. One of the most valuable of our results was obtained 
by the application of the method to a bore 863 feet deep, executed at the 
bottom of a coal mine 1,066 feet deep, giving a total depth of 1,929 feet. 
The bore in this case was dry at the time of its execution, though full of 
water at the time of the observation. It was in South Hetton Colliery, 
Durham, and the observer was Mr. J. B. Atkinson (V., VI.). The instru- 
ment generally employed in the observations of this class was a maximum 
thermometer of either the Phillips or the Inverted Negretti construction, 
as described above. 

The larger the diameter of the bore the more uncertain does this 
mode of observation become. The South Hetton bore had a diameter of 
2} inches. The Kentish Town well, 1,000 feet deep, in which Mr. Symons’ 
observations were made, had a diameter of 8 inches (IL, IIL, IV.), and 
the well 660 metres deep at La Chapelle, in the north of Paris, had a 
diameter of 45 feet (V., VI., VII.). The temperatures in this last were 
proved to be largely affected by convection, the water at the top being too 
warm, and that at the bottom not warm enough. The observations of 
Herr Dunker, in the bore at Sperenberg, near Berlin, with a depth of 
3,090 feet and a diameter of 12 inches, proved a similar disturbance, 
amounting at the top and especially at the bottom to several degrees. As 
regards the bottom, the proof consisted in showing that when a ther- 
mometer at the bottom was protected by a tight plug from the influence 
of the water above, its indications were higher by 3° R. (= 63° F.), than 
when this precaution was not employed. 

3. Where a shaft contains only a few feet of water at the bottom, a 
thermometer lowered to the bottom of this water may be assumed to give 
pretty nearly the normal temperature of the soil at this depth, and a few 
of our observations have been taken in this way. No observations of any 
value for our purpose can be made in the portion of a shaft or well occu- 
pied by air, as the temperature of such air is largely influenced by that 
of the air at the surface. This is clearly proved by Mr. Symons’ observa- 
tion in 200 feet of air at Kentish Town (IL, III.). 

C. QUESTIONS AFFECTING THE CORRECTNESS OF TIE OBSERVATIONS MADE 
might theoretically include questions as to the correct working of the 
instruments employed, and as to the personal reliability of observers ; but 
the latter topic has not come into discussion, and the former has not arisen 
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since our present patterns of instrument came into use. The questions 
for discussion are thus confined to those which relate to possible differences 
between the temperature of the point at which the thermometer was 
placed and the normal temperature at the same depth in its vicinity. 

1. The heat generated by the action of the boring tool will vitiate the 
observation if sufficient time is not allowed for its escape. 

A very full discussion of this subject in connection with the great 
artesian well at La Chapelle will be found in reports V., VI., and VII., 
clearly establishing the fact that the temperature at the bottom both on 
the third and the sixth day after the cessation of boring operations, was 
71° F. higher than after the lapse of four months, though the water had 
been left to itself during this interval. Further evidence showing that 
the temperature in the lower part of a bore full of water may thus be 
raised several degrees, is furnished by the Sub-Wealden bore (VI. 255). 

The heat generated by boring will increase with the hardness of the 
rock, and Mr. Garside, in report XIV., testifies that he has found two 
hours a sufficient time to give the permanent temperature in holes 3} feet 
deep and 2 inches in diameter drilled in the sides of a deep mine in the 
East Manchester coalfield. 

2. The generation of heat by local chemical action is well known to 
be a powerful disturbing cause when pyrites is present. In the tenth 
report, the observers in the mines of Schemnitz say, ‘ Pyrites and also 
decaying timber were avoided, as being known to generate heat.’ In the 
ninth report, p. 210, the observations in the coal mines of Anzin show 
a temperature of 702° F. in shaft IV. (a very dry one) at the depth of 
21-2 metres, or less than 70 feet. This must be about 15° F. above the 
normal temperature. In shaft II. the observer mentions that there was at 
a depth of 90 m. a seam of coal in which heat was generated by oxidation. 

At Talargoch lead mine in Flintshire (XIII., XIV.), the discrepancies 
between the temperatures at the six observing stations are suggestive of 
local chemical action. 

3. Convection of heat has proved a very troublesome disturbing cause. 

As to convection of heat by air in a shaft or well not filled with water, 
evidence wil] be found in the second report, both in the case of Mr. 
Hunter’s observations in the shafts of two salt mines at Carrickfergus, 
having the depths of 570 and 770 feet respectively, and in the case of 
Mr. Symons’ observations at Kentish Town, where the first 210 feet of the 
well are occupied with air. At the depth of 150 feet the temperature was 
521 in January and 54:7 in July. 

Convection of heat by water in old shafts which have been allowed to 
become flooded, is very manifest in some of the observations communicated 
by Mr. Burns in the second and fourth reports. In Allendale shaft 
(Northumberland), 300 feet deep, with about 150 feet of water, the 
temperature was practically the same at all depths in the water, and this 
was also the case in Breckon Hill shaft, where the observations extended 
from the depth of 42 feet to that of 350 feet. A similar state of things 
was found in a shaft at Ashburton (Devon), by Mr. Amery (III. 7), who 
observed at every fiftieth foot of depth down to 350 feet. 

Convection by water in the great well at La Chapelle, 660 m. (2,165 
feet) deep, and 135 m. (4 feet 5 inches) in diameter at the bottom, 
appears probable from the following comparisons. 

Very concordant observations (communicated by M. Walferdin to 
Comptes Rendus for 1838) at three different wells in the Paris basin of 
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the respective depths of 263 m. 400 m. and 600 m., show, by comparison 
with one another and with the constant temperature in the artificial 
caves under the Paris Observatory, a rate of increase of 1° F. in 56 or 
57 feet (IV. 24, 25). These data would give at the depth of 100 m., or 
328 feet, a temperature of 57°, and at the depth of 660m., or 2,165 feet, 
a temperature of 90° ; whereas the temperatures actually observed at those 
depths in the well at La Chapelle in October 1873, when the water had 
been undisturbed for a year and four months, were 59°5 and 76° (VI. 254). 
It thus appears probable that the upper part of the well is warmed, and 
the lower part cooled, by convection. Further light may be expected to 
be thrown on this point when the well reaches the springs, and the water 
spouts above the surface, as it does at the Puits de Grenelle. A letter 
received by the Secretary in July 1882 states that engineering difficulties 
have prevented any deepening of the well since the above observations, 
but that arrangements for this purpose have now been made. 

More certain and precise information as to the effect of convection in 
deep bores is furnished by the experiments of Herr Dunker at Speren- 
berg (IX. 204-208). The principal bore at Sperenberge has a depth of 
4,052 Rhenish, or 4,172 English feet, and is entirely in rock salt, with 
the exception of the first 283 feet. Observations were first taken (with 
a maximum thermometer on the overflow principle) at numerous depths, 
from 100 feet to the bottom, and showed a fairly regular increase of tem- 
perature downwards. The temperature at 700 feet was 16°-08 R., and at 
3,390 feet 34°1 R. Plugs were then contrived which could be fixed 
tight in the bore at any depth with the thermometer between them, or 
could be fixed above the thermometer for observing at the bottom. 
Convection was thus prevented, and a difference of one or two degrees 
Réaumur was found in the temperatures at most of the depths ; at 700 feet 
the temperature was now 17°-06 R., and at 3,390 feet 36°15. We have 
thus direct evidence that convection had made the temperature at 
3,390 feet 2°°05 R., or 4°°6 F. too low; and this, as Herr Dunker 
remarks, is an under-estimate of the error, inasmuch as convection had 
been exerting its equalising action for a long time, and its effect could 
not be completely destroyed in the comparatively short time that the 
plugs were in position. Again, as regards the effect of convection on the 
upper part of the bore, the temperature 11°°0 R. was observed at the 
depth of 100 feet in the principal bore when no plugs were employed, 
while a second bore only 100 feet deep in its immediate vicinity showed 
a temperature 9°°0 R. at the bottom. This is direct evidence that the 
water near the top of the great bore had been warmed 2° R. or 44° F. by 
convection. 

Suggestions for observations in filled-up bores will be found in the 
eleventh report, but they have not yet taken a practical shape. 

D. QUESTIONS AFFECTING DEDUCTIONS FROM OBSERVATIONS. 

1. In many instances the observations of temperature have been con- 
fined to considerable depths, and in order to deduce the mean rate of 
increase from the surface downwards it has been necessary to assume the 
mean temperature of the surface. To do this correctly is all the more 
difficult, because there seems to be a sensible difference between the mean. 
temperature of the surface and that of the air a few feet above it. 

In the third report some information on this point is given, based on 
observations of thermometers 22 inches deep at some of the stations of 
the Scottish Meteorological Society, and of thermometers 3 (French) feet 
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deep at Greenwich and at Edinburgh. These observations point to an 
excess of surface temperature above air temperature, ranging from half a 
degree to nearly two degrees, and having an average value of about one 
degree. 

Dr. Schwartz, Professor of Physics in the Imperial School of Mines 
at Schemnitz, in sending his observations made in the mines at that 
place (X. 195), remarks on this point :— 

‘ Observations in various localities show that in sandy soils the excess 
in question amounts, on the average, to about half a degree Centigrade. 
In this locality the surface is a compact rock, which is highly heated by 
the sun in summer, and is protected from radiation by a covering of 
snow in winter; and the conformation of the hills in the neighbourhood 
is such as to give protection against the prevailing winds. Hence the 
excess is probably greater here than in most places, and may fairly be 
assumed to be double the above average.’ 

Some excellent observations of underground temperature at small 
depths were made at the Botanic Gardens, Regent’s Park, London, for 
the six years 1871-76, along with observations of air temperature, and 
have been reduced by Mr. Symons. They are at depths of 3, 6, 12, 24, 
and 48 inches beneath a surface of grass, and their joint mean derived 
from readings at 9 a. and 9 p.m. for the six years is 49°9, the mean for 
the 48-inch thermometer being 50:05. The mean air temperature derived 
in the same way from the readings of the dry-bulb thermometer is 
49°6. Hence it appears that the excess of soil above air is in this case 
about 0°°4., 

Quetelet’s observations for three years at Brussels (p. 48 of his 
‘Mémoire’) make the earth, at depths less than 1} foot, colder than 
the air, and at greater depths warmer than the air. 

Caldecott’s observations for three years at Trevandrum, in India, 
make the ground at the depth of three feet warmer than the air by 5°°7 F. 

Dr. Stapff, in his elaborate publications on the temperature of the 
St. Gothard tunnel, arrives at the conclusion that the mean temperature 
of the soil on the surface of the mountain above the tunnel is some degrees 
higher than that of the air, the excess increasing with the height of the 
surface and ranging from 2° or 3° C. near the ends of the tunnel to 5° or 
6° C. in the neighbourhood of the central ridge. 

Connected with this is the question— 

2. Whether the mean annual temperature of the soil increases down- 
wards from the surface itself, or whether, as is sometimes asserted, the 
increase only begins where annual range ceases to be sensible—say at a 
depth of 50 or 60 feet. 

The general answer is obvious from the nature of conduction. Start- 
ing with the fact that temperature increases downwards at depths where 
the annual range is insensible, it follows that heat is travelling upwards, 
because heat will always pass from a hotter to a colder stratum. This 
heat must make its way to the surface and escape there. But it could 
not make its way to the surface unless the mean temperature diminished 
in approaching the surface; for if two superposed layers had the same 
mean temperature, just as much heat would pass from the upper to the 
lower as from the lower to the upper, and there would not be that excess 
of upward flow which is necessary to carry off the perennial supply from 
below. 

This reasoning is rigorously true if the conductivity at a given depth 
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be independent of the temperature, and be the same all the year round. 
By ‘ conductivity ’ we are to understand the ‘ flux of heat’ divided by the 
‘temperature-gradient ;’ where by the‘ flux of heat’ is meant the quantity 
of heat which flows in one second across unit area at the depth considered, 
and by the ‘ temperature-gradient’ is meant the difference of temperature 
per foot of descent at the depth and time considered. 

Convection of heat by the percolation of water is here to be regarded 
as included in conduction. If the conductivity as thus defined were the 
same all the year round, the increase of mean temperature per foot of 
depth would be independent of the annual range, and would be the same 
as if this range did not exist. 

As a matter of fact, out of six stations at which first-class under- 
ground thermometers have been observed, five show an increase down- 
wards and one a decrease. The following are the results obtained for the 
depths of 3, 12, and 24: French feet :— 

3 feet 12 feet 24 feet 


Brussels, three years. A 51:85 53-69 53°71 


Edinburgh (Craigleith), five years ° - 45°88 45°92 46-07 
5 (Gardens), five years . - . 46:13 46°76 47-09 
rH (Observatory), seventeen years . 46°27 46°92 47-18 

Trevandrum, India, three years . S8br7il 86:12 os 

Greenwich, fourteen years. a . - 50:92 50°61 50:28 


In calculating the mean temperature at 12 feet for Trevandrum, we 
have assumed the temperature of May, which is wanting, to be the same 
as that of April. 

Omitting Trevandrum, and taking the mean values at 3 and 24 
French feet, we find an increase of °656 of a degree in 21 French feet. 
which is at the rate of 1° for 32 French, or about 34 English feet. ; 

3. Another question which it has sometimes been necessary to discuss 
is the influence which the form of the surface exerts on the rate of 
increase of temperature with depth. 

The surface itself is not in general isothermal, but its temperature is 
least where its elevation is greatest; the rate of decrease upwards 
or increase downwards being generally estimated at 1° F. for 300 feet. 
This is only about one-fifth of the average rate of increase downwards in 
the substance of the earth itself beneath a level surface. If the two rates 
were the same, the isotherms in the interior of a mountain would be 
horizontal, and the form of the surface would have no influence on the 
rate of increase of temperature with depth. The two extreme assump- 
tions that the surface is an isotherm, and that the isotherms are hori- 
zontal, lie on opposite sides of the truth. The isotherms, where they 
meet the sides of the mountain, slope in the same direction as the sides of 
the mountain, but toa less degree. Probably the tangents of the two 
slopes are generally about as 3 to 4. 

Further, if we draw a vertical line cutting two isotherms, the lower 
one must have less slope than the upper, because the elevations and 
depressions are smoothed off as the depth increases. 

The practical inference is that the distance between the isotherms (in 
other words, the number of feet for 1° of increase), is greatest under 
mountain crests and ridges, and is least under bowl-shaped or trough- 
shaped hollows. 

The observations in the Mont Cenis tunnel, and the much more com- 
plete observations made by Dr. Stapff in the St. Gothard tunnel, fally 
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bear out these predictions from theory. The discussion of the former 
occurs in the fourth report, p. 15. 

As regards the St. Gothard tunnel, Dr. Stapff reports (XII. 41) :— 

‘The mean rate of increase downwards in the whole length of the 
tunnel is ‘02068 of a degree Centigrade per metre of depth, measured 
from the surface directly over. This is 1° F. for 88 feet. Where the 
surface is a steep ridge the increase is less rapid than this average; where 
the surface is a valley or plain the increase is more rapid.’ 

4, The question whether the rate of increase downwards is upon the 
whole the same at all depths, was raised by Professor Mohr in his com- 
ments upon the Sperenberg observations, and is discussed, so far as these 
observations bear upon it, in the 9th and 11th reports. 

Against the Sperenberg observations, which upon the whole show a 
retardation of the rate of increase as we go deeper, may now be set the 
Dukinfield observations begun by Sir William Fairbairn (ITI.), and con- 
tinued by Mr. Garside (XIII. 3). Taking Mr. Garside’s observations, and 
assuming a surface temperature of 49°, the increase in the first 1,9874 
feet is at the rate of 1° in 79°5 feet; in the next 420 feet it is at the rate 
of 1° in 70 feet, and in the last 283} feet it is at the rate of 1° in 514 feet. 

From a theoretical point of view, in places where there is no local 
generation of heat by chemical action, the case stands thus :— 

The flow of heat upwards must be the same at all depths, and this 
_ flow is equal to the rate of increase downwards multiplied by the conduc- 
tivity, using the word ‘conductivity’ (as above explained) in such a sense 
as to include convection. The rate of increase downwards must, there- 
fore, be the same at all depths at which this conductivity is the same. 

This reasoning applies to superposed strata at the same place, and 
assumes them to be sufficiently regular in their arrangement to ensure that 
the flow of heat shall be in parallel lines, not in converging or diverging 
lines. 

5. If we have reason to believe that the flow of heat upwards is nearly 
the same at all places, then the above reasoning can also be applied 
approximately to the comparison of one place with another—that is to 
say, the rates of increase downwards in two masses of rock at two different 
places must be approximately in the inverse ratio of their conductivities. 
In the cooling of a heated sphere of heterogeneous composition, the rates 
of flow would at first be very unequal through different parts of the sur- 
face, being most rapid through those portions of the substance which 
conducted best; but these portions would thus be more rapidly drained 
of their heat than the other portions, and thus their rate of flow would 
fall off more rapidly than the rates of flow in the other portions. If the 
only differences in the material were differences of conductivity, we might 
on this account expect the outflow to be after along time nearly the 
same at all parts of the surface. But when we come to consider 
differences of ‘thermal capacity per unit volume,’ it is clear that with 
equal values of ‘ diffusivity’ that is of ‘conductivity divided by thermal 
capacity of unit volume’ in two places, say in two adjacent sectors of 
the globe, there would be the same distribution of temperatures in both, 
but not the same flow of heat, this latter being greatest in the sector in 
which the capacity and conductivity were greatest. 

Where we find, as in Mr. Deacon’s observations at Bootle, near 
Liverpool, and to a less marked degree in the observations of Sir William 


aps and Mr. Garside, near Manchester, an exceptionally slow rate 
2. G 
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of increase, without exceptionally good conductivity, it is open to us to 
fall back on the explanation of exceptionally small thermal capacity per 
unit volume in the underlying region of the earth, perhaps at depths of 
from a few miles to a few hundred miles. 

6. A question which was brought into consideration by Professor Hull, 
in connection with the great difference between the rate of increase at 
Dukinfield and that at Rosebridge (III. 33), is the effect of the dip of the 
strata upon the vertical conduction of heat. Laminated rocks conduct 
heat much better along the planes of lamination than at right angles to 
them. If &, denote the conductivity along, and k, the conductivity 
normal to the planes of lamination, and if these planes are inclined at an 
angle 6 to the horizon, the number of feet per degree of increase down- 
wards corresponding to a given rate of outflow through the surface, will 
be the same as if the flow were vertical with a vertical conductivity :— 


ey sin? 0 + iy cos? 0, 
The following is the proof. Let the number of feet per degree of in- 
crease in the vertical direction be n, so that = of a degree is the increase 
for a foot measured vertically. Then the by tala for a foot measured in 


the direction of dip is : sin 0, and the increase for a foot measured per- 
pendicular to the laminz is 2 cos @. The flow of heat in the direction 
of dip is, therefore, k, sin 0, and the flow perpendicular to the laminee 
* i, cos @. Resolving each of these in the vertical direction, and adding, 
we get the vertical flow (k, sin? 6 + ky cos? 0), which must be equal to 


the vertical rate of increase multiplied by the effective vertical conduc- 
tivity. 

Professor Herschel finds about 1°3 as the ratio of the two principal 
conductivities in Loch Rannoch flagstone, and 1°875 as the ratio in Fes- 
tiniog slate. 

The dip of the strata at Dukinfield is stated by Mr. Garside to be 15°, 
and we have sin? 15° = ‘07, cos? 15° = ‘93. 

Tf we assume k, = 1°3 ky, as in the case of flagstone, we find for the 
effective vertical conductivity ik, (‘09 + °93) = 1:02 k,, so that the number 
of feet per degree would only be increased by 2 per cent. 

If we assume /k, = 1'875, as in the case of slate, we find 


Io (13 + 93) = 1:06 ko, 


or the number of feet per degree would be 6 per cent. more than if the 
strata were horizontal. 

It is not likely that the two conductivities in the strata at Dukinfield 
are so unequal as even in the case of flagstone, so that 2 per cent. is a 
high estimate of the effect of their dip on the vertical rate of increase so 
far as pure conduction is concerned. The effect of dip in promoting the 
percolation of water (IIT. 32) is a distinct consideration, but the workings 
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in the Dukinfield mines are so dry that this action does not seem to be 
important.! 

E. WE NOW PROCEED TO A COMPARISON OF RESULTS. The localities at 
which definite results have been obtained may be thus classified :— 

1. Metallic mines. 2. Coal mines. 3. Wells and wet borings. 
4. Tunnels. 

1. The mines at Przipram in Bohemia (VII. 15), with a depth of 1,900 
feet, are in very quartzose rock, and give a very slow rate of increase, 
viz. 1°1 in 135 feet. As all the shafts are in lofty hills, an allowance of 
,1; may be made for convexity, leaving 1° F.in 126 feet. Quartz is found 
by Professor Herschel to have a conductivity of about ‘0086. 

The mines at Scuemnirz in Hungary (X. 194), with a depth of 1,368 
feet, give an average rate of 1° F. in 74 feet, the rock being a green 
hornblende-andesite (in German, Griinstein-Trachyt), which is a compact, 
igneous, more or less vitreous rock. Professor Lebour estimates its 
conductivity as being probably nearly the same as that of Calton Hill 
trap-rock, which Professor Herschel found to be about ‘0029. 

The Tatarcocu lead mine (Flintshire) (XIII., XIV.), with its veins 
running across carboniferous limestone, has a depth of 1,041 feet, and gives 
in various parts rates varying from 1° in 47 feet to 1° in 113 feet. The 
average may be taken as 1° in 80 feet. 

_ 2, The results from coal mines are as follows, beginning with foreign 
mines :— 

The mines of the Société Cocqueril at Szramne (Belgium) (VII. 17), 
with a depth of 1,657 feet, give an average rate of 1° F. in 50 feet. The 
reck is coal shale. Professor Herschel found for shale the low conduc- 
tivity of ‘0019. 

The mines of Awz1x, in the north of France (IX. 210) with a depth of 
658 feet, gave in the deepest shaft an increase of 1° in 47 feet. 

Rosesripce Coruery, near Wigan (III.), with a depth of 2,445 feet, 
gave a mean rate of 1° in 54 feet. 

The four following are in the East Manchester coalfield :— 

r es Pit, Dukinfield (III., XIII.), with a depth of 2,700 feet, gave 
° in 72 ft, 
A person Moss Coutizry (XIV.), with a depth of 2,790 feet, gave 1° in 
eet. 
} PREP RUB Coutiery (XIV.), with a depth of 1,020 feet, gave 1° in 78°5 
eet. 

Noox Pir (XIV.), with a depth of 1,050 feet, gave 1° in 79 feet. 

Denton Conxiery, Lancashire (XV.), with a depth of 1,317 feet, gave 
an increase of 1° in about 77 feet. 

Sourn Herron Coiniery, Durham (V. 132, VI. 254), with a depth of 
1,929 feet, including a borehole at bottom, gives very consistent observa- 
tions at various depths, and an average rate of 1° in 57°5 feet. 

Botpon Cotuimry, between Newcastle and Sunderland (X. 197), with a 
depth of 1,514 feet, and excellent conditions of observation, gives an 
average rate of 1° in 49 feet. 

Wairenaven Coniery, Cumberland (XV.), in workings under the sea, 
with a depth of 1,250 feet beneath sea-level, or about 1,178 feet beneath the 
sea-bottom, gave an increase (from the sea-bottom) of about 1° in 45 feet. 

Kinaswoop Coxuisry, near Bristol (XII.), with a depth of 1,769 feet, and 

1 Though the workings are dry, there is a large quantity of water in the super- 
incumbent strata. See Report XY. 
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remarkable consistency between observations at various points, gives 1° in 
68 feet. 

Rapstock Cotiierigs, near Bath (XIV.), witha depth of 1,000 feet, give 
a doubtful average of 1° in between 60 and 70 feet, the results in different 
parts being irregular. We have adopted 1° in 62 feet. 

Fow.rr’s Cottiery, Pontypripp, with a depth of 855 feet, gave, by one 
observation at the bottom compared with the known surface-temperature, 
a rate of 1° in 76 feet. 

Professor Phillips’ observations in MonkweEarmovutH Cotiiery, published 
in ‘ Phil. Mag.’ for December 1834, showed a temperature of 71°-2 ina hole 
bored in the floor of a recently exposed part at the depth of 1,584 feet. 
The surface of the ground is 87 feet above high water, and the mean 
temperature of the air is assumed by Professor Phillips to be 47°°6. If, as 
usual, we add 1° to get the soil temperature, instead of assuming, as 
Professor Phillips does, that the temperature 100 feet deep is identical 
with the air temperature at the surface, we obtain a rate of increase of 
1° in 70 feet. 

3. The following are the most trustworthy results from wells and 
borings :— 

The SPERENBERG bore, near Berlin (IX. 204), in rock salt, with a depth 
of 3,492 English feet, to the deepest reliable observation, gave an average 
of 1° in 51°5 feet. This result is entitled to special weight, not only on 
account of the great depth, but also on account of the powerful means 
employed to exclude convection. 

Rock salt, according to Professor Herschel, has the very high conduc- 
tivity °0113. 

Three artesian wells in the chalk of the Parts Basin gave the following 
results (IV. 24) :— 


St. André, depth of observation . 830 ft. 3 rate 1° in 56-4 ft. 
Grenelle : - > j 1,312 ,, : + 1° in56OR, 
Military School . A ; : 568 ,, ; + 1° in 56:2 ,, 


The great well of LA CHAreLuE, in the same basin, is not yet finished, 
and a very great change in its indications may be expected when it 
strikes the strong springs which it is intended to bring to the surface. 
Up to the present time the deepest observation has been at 2,165 feet, 
and this, by comparison with the known temperature in the artificial caves 
under the Paris Observatory, gives a rate of 1° in 90°5 feet, which is 
probably much slower than the truth, by reason of convection. The 
temperature at 328 feet compared with that at 2,165 feet, gives 1° in 
111 feet, this result being affected by convection at both ends. 

An artesian well at Sr. Peterspure (IV. 22), in the Lower Silurian 
strata, with a depth of 656 feet, gives about 1° in 44 feet. 

A well sunk at Yaxoursk, in Siberia (IV. 22), to the depth of 540 feet, 
disclosed the fact that the ground was permanently frozen to this depth, 
and probably to the depth of 700 feet. The rate of increase of tempera- 
ture was 1° in 52 feet. 

Of the English wells in which observations have been taken, the most 
important is that at Kenriso Town (IL, III., IV.), in which Mr. G. J. 
Symons, F.R.S., has taken observations to the depth of 1,100 feet. The 
temperatures at different depths form a smooth series, and have been con- 
firmed by observations repeated at long intervals. The only question that 
can arise as to the accuracy of the results is the possibility of their being 
affected by convection. 
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The well is 8 feet in diameter, with brickwork to the depth of 540 feet, 
and this part of it is traversed by an iron tube 8 inches in diameter, which 
is continued to the depth of more than 1,300 feet from the surface. The 
tube is choked with mud to the depth of about 1,080 feet, so that the 
deepest observations were taken under 20 feet of mud. The temperature 
at 1,100 feet was 69°-9, and by combining this with the surface temperature 
of 49°-9 observed at the Botanic Gardens, Regent’s Park, we obtain a rate 
of 1° in 55 feet. These data would give at 250 feet a calculated tem- 
perature of 54°5, whereas the temperature actually observed at this depth 
was 56:1, or 1°°6 higher; the temperature at 300 feet and at 350 feet being 
also 56°1. This seems to indicate convection, but it can be accounted for 
by convection in the 8-foot well which surrounds the tube, and does not 
imply convection currents within the tube. Convection currents are 
much more easily formed in water columns of large diameter than in small 
ones, and the 20 feet of mud at the bottom give some security against 
convection at the deepest point of observation. It is important to remark 
that the increase from 1,050 to 1,100 feet is rather less than the average, 
instead of being decidedly greater, as it would be if there were convection 
above, but not in, the mud. The rate of 1° in 55 feet may therefore be 
adopted as correct. 

Mr. Symons also made numerous observations in this well (VI., IX., 
XII.) to determine whether the temperature at the depth of 1,000 feet 
remained exactly the same at all seasons and from year to year. The 
result was that the changes, if any, were so small as not to be distinguish- 
able from the necessary errors of observation. The research was finally 
abandoned, because the gradual silting up of the well, which was found 
to be going on, would itself be competent to account for any small secular 
change that might have been detected by further observation. 

The strata, consisting of tertiary strata, chalk (586 feet thick), upper 
greensand and gault, are given in detail on the last page of the third 
report. 

The Kentish Town temperature at the depth of 400 feet (58°) is con- 
firmed by observations in Mr. Sich’s well at Chiswick (VIII. 159), which 
is 395 feet deep, and has a temperature varying from 58° to 57°5. 

The Boorte well, belonging to the Liverpool Waterworks, is 1,302 feet 
deep, and the observations were taken in it during the sinking (XI., XII.) 
The diameter of the bore is 24 inches, and convection might have been 
suspected but for the circumstance that there was a gradual upward flow 
of water from the bottom, which escaped from the upper part of the well 
by percolation to an underground reservoir near at hand. This would 
check the tendency to downflow of colder water from the top ; and as the 
observations of temperature were always made at the bottom, they would 
thus be protected against convective disturbance. 

The temperature at 226 feet was 52°, at 750 feet 56°, at 1,302 feet 
59°, giving by comparison of the first and last of these a mean rate of 1° 
in 154 feet. The circumstance that the boring ceased for six weeks at 
the depth of 1,004 feet, and the temperature fell during this interval from 
58°'1, to 57°-0, would seem to indicate an elevation of 1° due to the heat 
generated by the boring tool. An assumed surface temperature of 49° 
(only 0°-9 lower than that of the Botanic Gardens in London), would give 
by comparison with 57°, at 1,004 feet, a rate of 1° in 1254 feet, and by 
comparison with 59°, at 1,302 feet, a rate of 1° in 180 feet, which last 
may be adopted as the best determination. The rock consists of the 
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pebble beds of the Bunter or Lower Trias, and the boring was executed at 
the rate of nearly 100 feet per month. 

The boring at Swinderby, near Scarte (Lincoln), in search of coal 
(VIIL., TX.), was carried to a depth of 2,000 feet, with a diameter at the 
lower part of only 32 inches—a circumstance favourable to accuracy, both 
as impeding convection and as promoting the rapid escape of the heat of 
boring. The temperature at the bottom was 79°, the water having been 
undisturbed for a month, and this by comparison with an assumed surface 
temperature of 50° gives a rate of 1° in 69 feet. 

The rocks are Lower Lias, New Red Marl (569 feet thick), New Red 
Sandstone (790 feet thick), Red Marl, and earthy Limestone. 

The following results have been obtained from shallow borings. The 
first three were made under Sir William Thomson’s direction, with a 
thermometer which could be read by estimation to hundredths of a 
degree :— 

DpertiawooD bore, near Glasgow (I.), with a depth of 347 feet, gave a 
very regular increase of 1° in 50 feet. 

Kirxianp Nevx bore, in the immediate vicinity of the above (II.), 
gave consistent observations at different seasons of the year from 180 feet 
to the bottom (354 feet), the rate being 1° in 53 feet. This bore passed 
through coal which had been ‘ very much burned or charred.’ 

Sourn Baxaray bore, near Glasgow, and north of the Clyde, with an 
available depth of 525 feet, gave, by comparing the temperature at the 
bottom with that at 60 feet, a rate of 1° in 41 feet. 

Shale extends continuously from 390 to 450 feet from the surface, and 
the increase in these 60 feet of shale was 2°-02, which is at the rate of 
1° in 80 feet. This rapid increase agrees with the fact that shale has 
very low conductivity, averaging ‘0019 in Professor Herschel’s experi- 
ments. 

The only small bore remaining to be mentioned is that at Manncaon, 
in India (X. 198), which had 310 feet available, and gave by comparing 
the temperature at this depth with that at 60 feet a rate of 1° in 68 feet. 
The rocks consist of fine softish sandstones and hard silty clays, the dip 
being 10°. 

The following results, obtained from observations at the bottom of 
shafts with only a small depth of water, are not altogether without value, 
*hough the circumstances are not favourable to accuracy :— 

Two shafts of salt mines near Carrickrercus (Ireland) (II. 12, 13), 
with depths of 570 feet and 770 feet, gave by comparison with an assumed 
surface temperature of 48° rates of 1° in 40 feet and 1° in 43 feet. The 
soil in both cases was yellow clay, a substance for which Professor 
Herschel finds the low conductivity of 0025. 

In a ‘sump’ at the bottom of Slitt mine, in the ALLENHEADS lead 
mines, Weardale (Northumberland) (IV.), at 660 feet from the surface, 
the temperature 65°-0 was found, which, by comparison with the surface 
temperature, 45°-3, assumed by the observer (Mr. Burns, of H.M. Geo- 
logical Survey), being a degree higher than the observed air temperature 
in the neighbourhood, gives a rate of 1° in 34 feet. The strata consist 
of alternate beds of sandstone and shale, with a few beds of limestone, 
158 feet of basalt, and 55 feet of fluor spar. 

4, ‘Tunnels.—The Moyr Cris tunnel (IV. 15), which isabout 7 miles 
long, is at a depth of exactly a mile (5,280 feet) beneath the crest of Mont 
Fréjus overhead. This was the warmest part of the tunnel, and had a 
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temperature of 85°-1 F. The mean air temperature at the crest overhead 
was calculated by the engineer of the tunnel, M. Giordano, by interpolating 
between the known temperature of the pass of San Theodule and that of 
the city of Turin, the former being 430 metres higher, and the latter 
2,650 metres lower, than the point in question. It is thus calculated to 
be — 2°°6 C. or 27°°3 F. If, according to our usual rule, we assume the 
ground to be 1° warmer than the air, we have 28°'3 to compare with 85°1. 
This gives a rate of 1° in 93 feet ; but, inasmuch as the convexity of the 
surface increases the distance between the isotherms, a correction will be 
necessary before we can fairly compare this result with rates under level 
ground. As a rough estimate we may take 4 of 93, and adopt 1° in 79 feet 
as the corrected result. 

‘The rocks on which the observations have been made are absolutely 
the same, geologically and otherwise, from the entrance to the tunnel, on 
the Italian side, for a distance of nearly 10,000 yards. They are not 
faulted to any extent, though highly inclined, contorted, and subjected to 
slight slips and slides. They consist, to a very large extent indeed, of 
silicates, chiefly of alumina, and the small quantity of lime they contain 
is a crystalline carbonate.’ 

The Sr. Gornarp Tunnet (VIII, XI., XII.), whick has a length of 
about 9 miles, has been subjected to much more minute observation, a 
skilled geologist, Dr. Stapff, having, under Government direction, devoted 
his whole time to investigating its geology and physics. He not only 
observed the temperature of the rock in the tunnel at very numerous: 
points, but also determined, by okservations of springs, the mean tempera-. 
tures of the surface of the mountain at various points, and compared 
these with an empirical formula for air temperature deduced from the- 
known mean temperatures of the air at Géschenen, Andermatt, Airolo, 
and the Hospice of St. Bernard. He infers from ltis comparisons a con-. 
siderable excess of soil above air temperature, increasing from 2° C. at the 
ends of the tunnel to 6° C. at the crest of the mountain over the centre 
of the tunnel. The highest temperature of the rocks in the tunnel was. 
at this central part, and was about 30°°6 C. or 87° F, The soil tempera-- 
ture at the crest above it was about — 0°°6C. or 31° F., giving a difference 
of 56° F. The height of the crest above sea-level was about 2,850 m., and 
that of the tunnel at this part 1,150 m., giving a difference of 1,700 m. 
or 5,578 feet. The rate of increase here is, therefore, about 1° F. in 100: 
feet; and if we apply the same correction for convexity as in the case of 
the Mont Cenis tunnel, this will be reduced to about 1° F. in 87 feet, as 
the equivalent rate under a level surface. From combining his observa- 
tions in all parts of the tunnel, through the medium of empirical 
formule, Dr. Stapff deduces an average rate of 1° F. for every 88 feet 
measured from the surface directly overhead. Where the surface is a 
steep ridge, the increase was less rapid than this average ; where the sur- 
face was a valley or plain, the increase was more rapid. As this average 
merely applies to the actual temperatures, the application of a correction 
for the general convexity of the surface would give a more rapid rate. 
If we bring the isotherms nearer by one part in 15, which seems a fair 
assumption, we shall obtain a rate of 1° F. in 82 feet. 

Collecting together the foregoing results, and arranging them mainly 
in the order of their rates of increase, but also with some reference to 
locality, we have the following list :— 
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Depth Feet 
feet for 1° F, 

Bootle waterworks (Liverpool) . - 4 - 1,392 c 130 
Przibram mines (Bohemia) . ? : - - 1,900 : 126 
St. Gothard tunnel : . : - . - 5,578 ‘ 82 
Mont Cenis tunnel : é t ‘ ; . 5,280 . 79 
Talargoch lead mine (Flint) . : . - 2) GL021 80 
Nook Pit, colliery , - 1,050 i 79 

Bredbury 4 East ( 1,020 3 783 
Ashton Moss ,, Manchester { , SP  2eosh A TT 
Denton ap coalfield. | 4 sei , 2076 
Astley Pit, Dukinfield % . 2,700 : 72 
Schemnitz mines (Hungary) 5 : F - 1,368 : 74 
Scarle boring (Lincoln) c = - 5 - 2,000 * 69 
Manegaon boring (India) é 5 C > 310 - 68 
Pontypridd colliery (S. Wales) . : : é 855 : 76 
Kingswood colliery (Bristol) . 5 : . See oo 2 68 
Radstock st ‘(Bath) \..2)0. lo. OOmeIRE @ StGD0Rne 62 
Paris artesian well, Grenelle 5 ‘ «| aysll2, 57 
se 35 St. André 4 4 2 ; 830 3 56 
is e Military School . r : 568 , 56 
London ,, Kentish Town ‘ : ae LOO : 55 
Rosebridge colliery (Wigan) ‘. - 5 . 2,445 : 54 
Yakoutsk, frozen ground (Siberia) : d f 540 - 52 

Sperenberg, boring in salt (Berlin) : . . 38,492 3 514 
Seraing colleries (Belgium) . : : A ie ebay a : 50 
Monkwearmouth collieries(Durham) . : . 1,584 4 70 

South Hetton He + : : . 2,929 : 574 
Boldon a e . ‘ . 1,514 : 49 
Whitehaven iy (Cumberland) . . 1,250 : 45 
Kirkland Neuk bore (Glasgow) , : : 354 53 
Blythswood 75 * . 4 ;: a 347 ; 50 
South Balgray ,, 5 ; ; ; 5 525 5 41 
Anzin collieries (North of France) : A : 658 ; 47 
St. Petersburg, well (Russia) . ‘ z . 656 5 44 
Carrickfergus, shaft of salt mine (Ireland) . F 770 i 43 
” ” : ” . . 570 . 40 
Slitt mine, Weardale (Northumberland) A 2 660 : 34 


The depth stated is, in each case, that of the deepest observation that 
has been utilised. 

F. In DEDUCING A MEAN FROM THESE VERY VARIOUS RESULTS, it is better to 
operate not upon the number of feet per degree, but upon its reciprocal 
—the increase of temperature per foot. Assigning to the results in the 
foregoing list weights proportional to the depths, the mean increase of 
temperature per foot is found to be ‘01563, or about 2, of a degree per 
foot—that is, 1° F. in 64 feet. 

It would be more just to assign greater weight to those single results 
which represent a large district or an extensive group of mines, especially 
where the data are known to be very accurate. Doubling the weights 
above assigned to Przibram, St. Gothard, Mont Cenis, Schemnitz, Kentish 
Town, Rosebridge, and Seraing, and quadrupling that assigned to 
Sperenberg, no material difference is made in the result. The mean still 
comes out 1° F. in 64 feet, or more exactly ‘01566 of a degree per foot. 

This is a slower rate than has been generally assumed, but it has been 
fairly deduced from the evidence contained in the Committee’s Reports ; 
and there is no reason to throw doubt on the results in the upper portion 
of the above list more than on those in its lower portion. Any error that 
can reasonably be attributed to the data used in the calculations for the 
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St. Gothard tunnel and for the numerous deep mines of the East Man- 
chester coalfield, will have only a trifling effect on the rates of increase 
assigned to these localities. 

To obtain an approximation to the rate at which heat escapes annually 
from the earth, we will first reduce the above rate of increase ‘01566 to 
Centigrade degrees per centimetre of depth. For this purpose we must 
multiply by -0182, giving -000285. 

To calculate the rate of escape of heat, this must be multiplied by the 
conductivity. 

The most certain determinations yet made of the conductivity of a 
portion of the earth’s substance are those deduced by Sir William 
Thomson by an indirect method, involving observations of underground 
thermometers at three stations at Edinburgh, combined with laboratory 
measurements of the specific heats and densities of the rocks in which 
the thermometers were planted. The specific heats were determined by 
Regnault, and the densities by Forbes. Specific heats and densities can 
be determined with great accuracy in the laboratory, but the direct 
determination of conductivity in the laboratory is exceedingly difficult, it 
being almost impossible to avoid sources of error which make the con- 
ductivity appear less than it really is. 

Professor Herschel, in conjunction with a Committee of the British 
Association, has made a very extensive and valuable series of direct 
measurements of the conductivities of a great variety of rocks, and 
has given additional certainty to his results by selecting as two of the 
subjects of his experiments the Calton Hill trap and Craigleith sand- 
stone, to which Sir William Thomson’s determinations apply. Comparison 
shows that Professor Herschel’s results for these two substances, as given 
in the fifth Report of the Conductivity Committee (1878), must be multi- 
plied by about 1:4 to make them agree with Sir William Thomson’s,! 

The following list, condensed from that Report, will be useful for our 
purpose :— 


Mean Conductivities in C.G.S. measure, from Professor Herschel’s Determinations. 


Rock salt . : p . 0113 Clay slate . a 5 . 0027 
Quartz. : : - ‘0086 Clay . : “ . - *0025 
Sandstone. 5 A . ‘0060 Chalk “ : 3 . 0026 
Flagstone. ‘ : . 0046 Firestone . 5 5 » 0021 
Slate é : . . 0040 Shale c . : - °0019 
Granite . : : . 0053 Sand, dry . : 3 - *0009 
Limestone 4 é . 0052 » saturated : - ‘0070 
Serpentine - ‘ . 0044 Coal : 6 4 . ‘0008 
Trap . . - - - 0038 Pumice . : : . 0006 


The mean of these 18 values is ‘00413, which, if multiplied by the 
correcting factor 1:4 above mentioned, gives ‘0058. 
Sir William Thomson’s three determinations were :— 


Trap rock of Calton Hill . : . ; ° : . - 00415 
Sand of Experimental Garden . fs A . ° . » 00262 
Sandstone of Craigleith Quarry - : . 2 ° « *01068 


These give a mean of ‘00582, which is sensibly the same as the above. 


) The sixth Report of the Conductivity Committee states that a mistake was made 
in the factor employed for reducing the results to C. G. S., and that the results as 
given in the fifth Report require to be increased by one-eighth part of their 
respective amounts, 
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Adopting :0058 as the mean conductivity of the outer crust of the 
earth, we have 


"0058 x -000285 = 16330° x 10-” 


as the flow of heat in a second across a square centimetre. Multiplying by 
the number of seconds in a year, which is approximately 314 millions, 
we have 

1633 x 315 x 107 = 41-4 


This then is our estimate of the average number of gramme-degrees 
of heat that escape annually through each square centimetre of a hori- 
zontal section of the earth’s substance. 


Report of the Committee, consisting of Professor ScHuSTER (Secre- 
tary), Sir WILLIAM THomson, Professor H. E. Roscor, Professor 
A. S. HERSCHEL, Captain W. pe W. Asney, Mr. R. H. Scort, and 
Dr. J. H. GLADSTONE, appointed for the purpose of investigating 
the practicability of collecting and identifying Meteoric Dust, 
and of considering the question of undertaking regulur observa- 
tions in various localities. 


1. In their first Report the Committee confined itself to giving a short 
abstract of some of the work which had hitherto been done to clear up the 
important question with which they are concerned. Since that time the 
previous literature has been more thoroughly studied, and a microscopic 
investigation of different specimens of magnetic dust derived from various 
sources has been undertaken. 

A good deal of the literature confines itself to the dust-falls which 
are frequently observed in the Atlantic, in the southern parts of Italy, 
and sometimes in the Red Sea, These dust-falls were at one time sup- 
posed to be of meteoric origin, but it has now been conclusively proved 
that the dust has its origin in the sandy deserts of Northern Africa, 
whence it is carried by the winds often through considerable distances ; 
the grosser particles falling down first, so that ultimately only the finest 
remain in suspension. With these dust-falls we are not directly con- 
cerned, but we wish to point out that because as a whole they are proved 
to be of terrestrial origin it does not follow that everything they contain 
is terrestrial. Granting for a moment that meteoric dust exists, thet 
dust would accumulate in the desert as well as anywhere else, we should 
expect that some of the magnetic particles carried by these dust-storms 
would show the same peculiarities which, in other cases, have led to the 
supposition of their meteoric origin. Such indeed is the case; but before 
entering into details on this point we must give a short account of the 
very clear line of argument by means of which Tissandier has to most 
minds established the existence and general prevalence of meteoric dust. 

Tissandier has fully discussed the question in his interesting little 
book ‘Les poussiéres de l’air,’! and has described the result of the micro- 
Scopic examination of the dust gradually settled down in dry weather, or 


1 Paris, Gauthier Villars, 1877. 
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precipitated by rain and snow. We are concerned here chiefly with the 
magnetic particles contained in this dust. These particles are of various 
shapes, but the most remarkable form is perfectly spherical, which at 
once conveys the obvious information that the particles at one time must 
have been in a state of fusion. These spherules have been found in the 
snows on the slopes of Mont Blanc, at a height of nearly 9,000 feet in the 
sediment of rain collected at the Observatory of Sainte-Marie-du-Mont, 
and in the dust collected at different elevated positions. There are other 
particles, not spherical but of equally characteristic forms, which generally 
accompany these spherules, and some of these shapes we find in the 
iron dust extracted by Nordenskjéld from the sand of the polar regions. 
If we confine ourselves, however, at present to the spherical particles, 
and accept the conclusion that they have been in a state of fusion, we 
are practically reduced to three alternatives. The particles may be of 
volcanic origin, they may have been fused in our terrestrial fires, or they 
may be meteoric. All the volcanic dust which the writer has had at his 
disposal was carefully examined under the microscope, and its appearance 
was found to be altogether different from the supposed meteoric dust. 
Such also seems to be the conclusion arrived at by Tissandier. No iron 
spherules have, as far as I know, been found in volcanic dust. 

The smoke issuing from the chimneys of our manufacturing towns 
can and does contain iron particles similar in appearance to those to 
which Tissandier ascribes a meteoric origin. That some of these particles 
are found very far from any terrestrial sources which can produce them 
would not perhaps tell conclusively against their terrestrial origin, but 
chemical analysis seems to settle the point. The iron particles issuing 
from our chimneys contain neither nickel nor cobalt ; while these metals 
were found by Tissandier to exist in the microscopic magnetic particles 
found in rain-water collected at the Observatory of Sainte-Marie-du-Mont. 
We are, therefore, driven to ascribe a cosmic origin to these particles. 

2. The author of this Report has, during the last year, made a few 
microscopic investigations of small iron particles found in different places. 
He has obtained in the first place sand col- Oy Head ae teed dene 
lected from the desert in the neighbourhood  aaletranichyiie microscope 
of the Great Pyramids. This sand contains (objective 4 inch), March 16, 
an appreciable quantity of magnetic particles a Perea. of sree cae 
(1 part in 144,000). Examined by the jane. 
microscope the greater part of these particles = 
were found to be angular in shape, and there 
can be no doubt that they form an integral 
part of the sand, and are due to the débris 
of magnetic rocks. But here and there we 
find perfect spheres of iron exactly like those 
described by Tissandier and about the same 
diameter, that is, 0°2 to 0°1 millimetre; 
some of them are even larger. Fig. 1 shows 
some of these spherules as seen under the microscope. Figs. 2 and 3 
give another form of frequent occurrence. 

The greater part of these latter particles are metallic iron, as is shown 
by the deposition of copper on them when a drop of a solution of sulphate 
of copper is added. In fig. 2 all. the light parts represent the metallic 
iron. The total quantity of this metallic iron must, however, have been 
small, for it could not be traced by chemical analysis. 
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Mr. J. B. B. Hennessey was kind enough to forward me some sand 
which was collected at his request, and with proper precautions specified 
by him, in desert of Rajputana, in lat. N. 27° 40’ 25”, long. HE. 72° 43’ 
39’; the nearest village being full 13 miles distant. The examination of 
this sand has not as yet been completed, but at present no spherical 


Fic. 2.—lron Particle in Sahara Sand. The light parts are metallic. Enlargement, 100: 1. 


particles have been found, nor is there any appearance of metallic iron. 
But the sand contains a comparatively large quantity of magnetic oxide 
(O'L per cent.). ‘This magnetic oxide, which is of undoubted terrestrial 
Aral ae snr Tee origin, will naturally hide any traces of me- 
dBantiauh ee teoric dust, which could only form a small 

percentage of the total magnetic part. 
Similar negative results were obtained 
with some specimens of mud collected on 
the banks of the Nile near the village of 
Sohag (lat. 26° 33’, long. H. 2" 07™), on the 
occasion of the last total solar eclipse. Here 
also a very large quantity of débris from mag- 
netic rocks was found in the mud, hiding any 
meteoric particles which might have been 

there. 

3. We may approach the question from yet another point of view. A 
shooting star is not an uncommon phenomenon, and on certain nights in 
the year we often find them counted by hundreds. Each of these meteors 
will leave traces behind in our atmosphere, for it seems hardly possible 
that when white hot, owing to the friction with our atmosphere, part of 
this surface should not fuse and be left behind in a finely divided state. 


EE EE 
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In addition to this we also hear of larger meteors passing through the 
air more slowly, but leaving behind trains of luminous clouds remaining 
visible for a considerable length of time. What becomes of all this 
matter, and how should we expect it to look after it has settled down on 
the surface of our earth? Tissandier has examined microscopically some 
powder which he has detached from the surface of a meteoric stone found 
in Bohemia, and it was found to resemble in appearance the magnetic 
particles found in different places to which he had attributed a meteoric 
origin. 

eX An interesting question arises in connection with the iron particles 
which are found in the metallic state in the sand of the desert of Sahara 
and in other localities. How did they escape oxidation, either when first 
detached from the molten mass of the meteoric dust, or subsequently. 
Several explanations of this fact may be offered. If the particles are 
really meteoric they would contain a considerable proportion of nickel, 
and such iron is able to resist oxidation to a high degree. But the pre- 
sence of nickel would not prevent their transformation into magnetic 
oxide when red hot, as they must have been when they separated from 
the meteor. I wish, however, to point out that possibly, and even pro- 
bably, the separation has taken place at a height at which the atmosphere 
contains only comparatively small quantities of oxygen. It is known by 
the laws of diffusion that, assuming everything to be in a state of equili- 
brium, each gas will form an atmosphere round the terrestrial globe 
independently of any other gas which may be present. It follows that at 
great heights the lighter gases will be present in preponderating propor- 
tions, as compared with the lower regions. Calculating, for instance, the 
proportion of oxygen which we should expect at different heights if the 
temperature is the same throughout, we find as follows :— 


At a height of 0 kilometres 21__ per cent. of oxygen. 
5 19° 


” ” ” ” ” 


” ” 10 ” 18 ” ” 
»» » 100 » 4°25 » 
” ” 150 ” 2 ” ”» 
” ” 200 ” 0 8 ” ” 


Convection currents would, no doubt, especially within the lower 
regions, tend to equalise the difference between the higher and lower 
parts, but the fact must remain that, at a height at which luminous 
meteors have been seen luminous, the oxygen can only form a small 
fraction of the atmosphere. But matters become still more striking if 
we consider that probably some other and lighter gas is present in ad- 
dition to the oxygen and nitrogen. 

Spectroscopic observations of the Aurora Borealis show the presence 
of a green line which no one has as yet obtained from any known constituent 
of the atmosphere. I have myself observed nitrogen, and oxygen and 
some of the carbon compounds, under so many different conditions that 
I am fully convinced that the line is not due to them, but must be due to 
the presence of some unknown gaseous body. As we cannot detect it 
near the surface of the earth, this gas must be very light. Supposing, for 
the sake of argument, that it is as dense as hydrogen, and that at the surface 
of the earth its quantity per cubic centimetre is only the millionth part 
of the oxygen present in the same space, it would certainly escape all our 
methods of analysis. But from these suppositions we can calculate that, 
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at a height of 200 kilometres, it must exceed the oxygen in proportion of 
170,000 to 1—that is to say, at that height the atmosphere would practi- 
cally contain no oxygen. If the gas is less dense than hydrogen this 
proportion would still further be increased. Even those who do not feel 
inclined to assume the presence of an unknown gas will not deny the 
possibility that free hydrogen may be present in our atmosphere in such 
small quantities as we have assumed. Electric discharges which are 
‘constantly going on partially decompose the aqueous vapour of the 
atmosphere, and some of it will escape recombination. If then free 
hydrogen exists even in quantities only which are very small on the 
surface of the earth, it may be in preponderating proportion in the upper 
regions. 

After having considered the above explanation of the fact that some 
of the meteoric iron may be in the metallic state, I have made a few 
experiments which tend to show that iron dust may separate from a red- 
hot meteor even in atmosphere containing considerable quantities of 
oxygen, and yet escape oxidation. Tissandier has shown how by burning 
an iron wire in oxygen we may often obtain iron spherules of exactly 
the same nature as those floating in our atmosphere. I have obtained 
similar spherules by using an iron file a3 one pole of a dynamo-machine, 
and passing the file over a copper wire connected with the other pole. 
The sparks flying off in all directions are found to consist chiefly of iron 
globules like those to which Tissandier ascribes a meteoric origin ; but 
in addition we have small spongy masses which are metallic, and present 
exactly the same appearance as the metallic iron found in the Saharah 
desert. The most remarkable fact, however, is this, that we find even a 
few globules of iron which are metallic. These globules must have been 
in a state of fusion, and yet they did not oxidise at the contact of the air, 
no doubt owing to the fact that a large number of particles used up the 
free oxygen of the air in the neighbourhood of the few particles which 
thus escaped. 

5. The question of meteoric dust suggests another interesting reflec- 
tion. Mr. Aitken has recently shown how a condensation of aqueous 
vapour only takes place round a nucleus of solid matter. It is no doubt 
one of the most interesting questions to decide what forms in different 
localities the most common nucleus for fogs, rain, snow, or hail. We 
conclude this Report by mentioning the very suggestive fact, that 
Nordenskjéld has found iron particles as a nucleus to hailstones at Stock- 
holm, and that observations of the same kind have been made in Spain, 
where also hailstones were found to contain iron particles as a nucleus. 
Other observations of the same nature seem to exist. 

There is every reason to believe that the blue colour of the sky is due 
to minute particles scattering the light. These particles must be much 
more minute than any which the Committee has at present investigated ; 
they must, in fact, be beyond the limits of microscopic power. It might, 
however, be possible ultimately to find out the nature of these small 
particles. It is interesting to record the observation made by the author 
of this Report, that in the valleys of the Himalayas which are cultivated, 
the colour of the sky is much whiter than in the valleys which are 
barren and devoid of any vegetation. 


— 
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Second Report of the Committee, consisting of Mr. G. H. Darwin, 
Professor Sir WILLIAM THomsoN, Professor Tait, Professor GRANT, 
Dr. SIEMENS, Professor PuRSER, Professor G. Forsrs, and Mr. 
Horace Darwin, appointed for the Measurement of the Lunar 
Disturbance of Gravity. Written by Mr. G. H. Darwin. 


Shortly after the meeting of the British Association last year (1881), 
the instrument with which my brother and I were experimenting at the 
Cavendish Laboratory, at Cambridge, broke down, through the snapping 
of the wire which supported the pendulum. A succession of unforeseen 
circumstances have prevented us, up to the present time, from resuming 
our experiments. 

The body of the present Report, therefore, will merely contain an 
account of such observations by other observers as have come to our 
knowledge within the past year, and it must be taken as supplementary to 
the second part of the Report for 1881. The Appendix, however, contains 
certain theoretical investigations, which appear to me to throw doubt 
on the utility of very minute gravitational observations. 

The readers of the Report for 1881 will remember that, in the course 
of our experiments, we were led away from the primary object of the 
Committee, namely the measurement of the Lunar Disturbance of Gravity, 
and found ourselves compelled to investigate the slower oscillations of 
the soil. 

It would be beyond the scope of the present Report to enter on the 
literature of seismology. But, the slower changes in the vertical having 
been found to be intimately connected with earthquakes, it would not 
have been possible, even if desirable, to eliminate all reference to seismo- 
logy from the present Report. 

The papers which are quoted below present evidence of a very mis- 
cellaneous character, and therefore this Report must necessarily be rather 
disjointed. It has seemed best in our account of work done rather to 
classify together the observers than the subjects. This rule will, however, 
be occasionally departed from, when it may seem desirable to do so. 

The interesting researches in this field made during the last ten years 
by the Italians, are, I believe, but little known in this country, and as the 
accounts of their investigations are not easily accessible (there being, for 
example, no copy of the ‘ Bulletino’ referred to below at Cambridge), it 
will be well to give a tolerably full account of the results attained. I 
have myself only seen the ‘ Transactions’ for four years. 

The great extension which these investigations have attained in Italy 
has been no doubt due to the fact of the presence of active volcanos and 
of frequent sensible earthquakes in that country. But it is probable that 
many of the same phenomena occur in all countries. 

In 1874 the publication of the ‘ Bulletino del Vulcanismo Italiano’ 
was commenced at Rome under the editorship of Professor S. M. de 
Rossi, of Rome.! As the title of this publication shows, it is principally 
occupied with accounts of earthquakes, but the extracts made will refer 
almost entirely to the slower oscillations of level. 

1 T am compelled to make this abstract from manuscript notes ; but my papers 


having become somewhat disarranged, I am not absolutely certain, in one or two 
places, of the year to which the observations refer. 
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T learn from the ‘ Bulletino’ that in 1873 Professor Timoteo Bertelli, 
of Florence, had published an historical account of small spontaneous 
movements of the pendulum, observed since the seventeenth century up to 
that time.! 

In 1874 (Anno 1 of the ‘ Bulletino’) Rossi draws attention to the 
fact that there are periods lasting from a few days to a week or more, in 
which the soil is in incessant movement, followed by a comparative cessation 
of such movement. This he calls a ‘seismic period.’ In the midst or at 
the end of a seismic period there is frequently a sensible earthquake. 

At page 51 he remarks, in a review of some observations of Professor 
Pietro Monte (Director of the Observatory of Leghorn), that he was led 
to suspect that the crust of the earth is in continuous and slow movement 
during the seismic period, and that this movement is influenced by varia- 
tions of barometric pressure. This suspicion was, he says, confirmed by 
finding, in his observations of a pendulum at Rocca di Papa (of which 
we shall speak again below), that during the seismic period the excursions 
of the pendulum were mostly in the S.W. and N.H. azimuth. This is 
perpendicular to the volcanic fracture, which runs towards the Alban 
lake and the sea. The lips of the fracture rise and fall, and there result 
two sets of waves along and perpendicular to the fracture. In an earth- 
quake these waves are propagated with great velocity (the phenomenon 
being in fact dynamical), but during the seismic period the same class of 
changes takes place slowly. This view accords with observations at 
Velletri made by Professor D. G. Galli. 

With regard to the influence of barometric pressure Rossi elsewhere 
quotes M. Poey (October 15, 1857 ?) as having attributed the deviations 
of the vertical to this cause, and remarks :— 

‘ Although he (Poey) gave too much weight to the baro-seismic action 
of large variations of atmospheric pressure, yet after very numerous ob- 
servations made by me in these last three years (I suppose 1871-4), I 
can affirm that no marked barometric depression has occurred without 
having been immediately preceded, accompanied, or followed by marked 
micro-seismic movements; but besides these there are other irregular, 
often considerable and instantaneous movements, which occur under high 
pressure. ‘To distinguish them, I have called the first baro-seismic, and 
the second vulcano-seismic, movements.’ The reader will find a theoretical 
investigation on this subject in the Appendix to the present Report. 

Rossi states (page 118, Anno 1?) that whilst Etna was in a condition 
of activity his pendulums at Rocca di Papa were extraordinarily agitated 
at the beginning of each barometric storm. 

At page 90 of the second year are given graphical illustrations of the 
simultaneous deflections of pendulums at Rome, Rocca di Papa, Florence, 
Leghorn, and Bologna. There is some appearance of concordance between 
them, and this shows that the agitations sometimes affect considerable 
tracts of land, but that the minor deflections are purely local phenomena. 

M. d’Abbadie, in presenting a memoir on micro-seismic movements 
by Father Bertelli to the French Academy, relates (‘Comptes Rendus,’ 
1875, vol. 81, p. 297) the following experiment made by Count Malvasia, 
as proving the independence of the disturbances of the pendulum from 
the tremors produced by traffic. Two batteries of artillery were marching 


1 Bulletino Boncampagni, t. vi. Gennaio, 1873. Reprinted Via Lata, No. 2114, 
Rome. 
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through Bologna, and it was arranged that at 30 meters from the Palazzo 
Malvasia they should break into a trot. The pendulum, situated only 6 
meters from the street, was observed to be unaffected by this, and continued 
its oscillations in the E.W. azimuth. A pool of mercury was violently 
agitated, and it was concluded that the motion communicated to the 
ground by the artillery was exclusively vertical. 

At page 5 of the ‘Bulletino’ for 1876 (January to May), Rossi 
writes a ‘Guida pratica per le osservazioni sismiche.’ This article con- 
tains a description of the instruments which have been used by the 
Italian observers. 

Bertelli used a pendulum protected from the air, with a microscope 
and micrometer for.evaluating the oscillations. The upper part of the 
support of the pendulum consisted of a spiral spring, so that vertical 
movements of the ground could be recorded. This instrument he calls a 
tromo-seismometer. 

Professor Hgidi, of Anagni, proposed to use the reflection from mer- 
cury. The object observed was to be a mark fixed on a wall, and the 
reflected image of the mark was to be observed with a telescope. The 
deviation of the vertical was to be evaluated by noting the amount of 
movement required to bring the cross-wires of the telescope on to the 
mark, This instrument has not, I think, the advantages of M. d’Abbadie’s, 
because the light was incident at about 45° on the mercury, and thus 
the mark and telescope were remote from one another; whereas in the 
arrangement of M. d’Abbadie the mark and microscope are close together, 
and only a micrometer wire in the microscope is movable. 

Cavalleri used ten pendulums of graduated length, and found that 
sometimes one of the pendulums was agitated and sometimes another. 
Rossi observed the same with his pendulaums at Rocca di Papa. It thus 
appears that the free period of oscillation of the pendulum is a disturbing 
element. 

In order to obviate the discrepancies which must arise in the use of 
various kinds of pendulums for simultaneous observations in different 
places, Bertelli and Rossi propose a normal ‘tromometer,’ of which a 
drawing is given. The length of the pendulum is 14 meters, the weight 
100 grammes, and it makes forty-nine free oscillations in a minute. To 
the bottom of the pendulum is attached a horizontal disk, on the under- 
side of which are engraved two fine lines at right-angles to one another. 
These lines are observed, after total internal reflection in a glass prism 
placed immediately below the disk, by a horizontal microscope, furnished 
with a micrometer. The azimuth of the deflection of the vertical is 
observed by a position-circle. 

This paper also contains a description of the author’s observatory at 
Rocca di Papa. It is established in a caveat 700 meters above the sea, on 
the external slope of the extinct Latian volcano. There isa large central 
pendulum hanging from the roof, and there are four others with dif- 
ferent weights and lengths hanging in tubes cut in the native rock. Only 
the ends of these pendulums are visible, and they are protected by glass at 
the visible parts. A great part of this paper is occupied with descriptions 
of seismometers, and this is outside the scope of the present Report. 

In presenting a pamphlet by Father Bertelli, entitled ‘ Riassunto delle 
osservazioni microsismiche, &c.,’ to the Academy (‘ Comptes Rendus,’ 
1877, vol. 84, p. 465), M. d’Abbadie summarises Bertelli’s conclusions 
somewhat as follows :— 

1882, H 
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The oscillation of the pendulum is generally parallel to valleys or 
chains of mountains in the neighbourhood. The oscillations are indepen- 
dent of local tremors, velocity and direction of wind, rain, change of 
temperature, and atmospheric electricity. 

Pendulums of different lengths betray the movements of the soil in 
different manners, according to the agreement or disagreement of their 
free-periods with the period of the terrestrial vibrations. 

The disturbances are not strictly simultaneous in the different towns 
of Italy, but succeed one another at short intervals. 

After earthquakes the ‘ tromometric’ or microseismic movements are 
especially apt to be in a vertical direction. They are always so when the 
earthquake is local, but the vertical movements are sometimes absent 
when the shock occurs elsewhere. Sometimes there is no movement at 
all, even when the shock occurs quite close at hand. 

The positions of the sun and moon appear to have some influence on 
the movements of the pendulum, but the disturbances are especially fre- 
quent when the barometer is low. 

The curves of ‘the monthly means of the tromometric movement ’ 
exhibit the same forms in the various towns of Italy, even those which 
are distant from one another. 

The maximum of disturbance occurs near the winter solstice and 
the minimum near the summer solstice; this agrees with Mallet’s results 
about earthquakes. 

At Florence a period of earthquakes is presaged by the magnitude 
and frequency of pendulous movements in a vertical direction. These 
movements are observable at intervals and during several hours after 
each shock. 

At page 103 of the first part of the ‘ Bulletino’ for 1878 (?), there is 
a review of a work by Giulio Grablovitz, ‘ Dell’ attrazione luni-solare in 
relazione coi fenomeni mareo-sismici,’ Milano, Tipografia degli Ingegneri, 
1877. 

In this work it appears that M. Grablovitz attributes a considerable 
part of the deviations of the vertical to bodily tides in the earth, but as 
he apparently enters into no computations to show the competency of 
this cause to produce the observed effects, it does not seem necessary to 
make any further comment on his views. 

At page 99 of the volume for September-December, 1878, Rossi 
writes on the use of the microphone for the purpose of observing earth- 
quakes (‘Il microfono nella meteorologia endogena’). He begins by 
giving an account of a correspondence, beginning in 1875, between him- 
self and Count Giovanni Mocenigo,! of Vicenza, who seems to have been 
very near to the discovery of the microphone. When the invention of 
the microphone was announced, Mocenigo and Armellini adopted it for 
their experiments, and came to the conclusion that the mysterious noises 
which they heard arose from minute earthquakes or microisms. 

Rossi then determined to undertake observations in his cavern at 
Rocca di Papa, with a microphone, made of silver instead of carbon, 
mounted on a stone beam. ‘The sensitiveness of the instrument could be 
regulated, and he found that it was not much influenced by external 
noises. 

The instrument was placed 20 meters underground, and remote from 

1 Count Mocenigo has recently published at Vicenza a book on his observations. 
It is reviewed in Nature for July 6, 1882. 
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houses and carriage-roads. It was protected against insects, and was 
wrapped up in wool. Carpet was spread on the floor of the cave to deaden 
the noise from particles of stone which might possibly fall. Having 
established his microphone, he waited till night and then heard noises 
which he says revealed ‘natural telluric phenomena.’ The sounds which 
he heard he describes as ‘ roarings, explosions occurring isolated or in 
volleys, and metallic or bell-like sounds’ [fremiti, scopii isolati o di 
moschetteria, e suoni metallici o di campana]. They all occurred mixed 
indiscriminately, and rose to maxima at irregular intervals. By artificial 
means he was able to cause noises which he calls ‘rumbling (?) or 
crackling’ [rullo o crepito]. The roaring [fremito] was the only noise 
which he could reproduce artificially, and then only for a moment. 
It was done by rubbing together the conducting wires, in the same 
manner as the rocks must rub against one another when there is an 
earthquake. 

A mine having been exploded in a quarry at some distance, the 
tremors in the earth were audible in the microphone for some seconds 
subsequently. 

There was some degree of coincidence between the agitation of the 
pendulum-seismograph and the noises heard with the microphone. 

At a time when Vesuvius became active, Rocca di Papa was agitated 
by microsisms, and the shocks were found to be accompanied by the 
very same microphonic noises as before. The noises sometimes became 
‘intolerably loud ;’ on one occasion in the middle of the night, half an 
hour before a sensible earthquake. The agitation of the microphone 
corresponded exactly with the activity of Vesuvius. 

Rossi then transported his microphone to Palmieri’s Vesuvian ob- 
servatory, and worked in conjunction with him. He there found that 
each class of shock had its corresponding noise. The sussultorial shocks, 
in which I conceive the movement of the ground is vertically up and 
down, gave the volleys of musketry [i colpi di moschetteria], and the 
undulatory shocks gave the roarings [i fremiti]. The two classes of 
noises were sometimes mixed up together. 

Rossi makes the following remarks: ‘ On Vesuvius I was put ip 
the way of discovering that the simple fall and rise in the ticking~ 
which occurs with the microphone [battito del orologio unito al 
microfono] (a phenomenon observed by all, and remaining inexplicable-. 
to all) is a consequence of the vibration of the ground.’ This passage 
alone might perhaps lead one to suppose that clockwork was included in 
the circuit ; but that this was not the case, and that ‘ticking’ is merely 
a mode of representing a natural noise, is proved by the fact that he- 
subsequently says that he considers the ticking to be ‘a telluric 
phenomenon.’ 

Rossi then took the microphone to the Solfatara of Pozzuoli, and: 
here, although no sensible tremors were felt, the noises were so loud as: 
to be heard simultaneously by all the people in the room. The ticking 
was quite masked by other natural noises. The noises at the Solfatara. 
were imitated by placing the microphone on a vessel of boiling water.. 
Other seismic noises were then imitated by placing the microphone on 
marble slab, and scratching and tapping the under surface of it. 

The observations on Vesuvius led him to the conclusion that the 
earthquake oscillations have sometimes fixed nodes and loops, for there 
were places on the mountain where no effects were observed. Hence, as 

H 2 
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he remarks, although there may sometimes be considerable agitation in 
an earthquake, the true centre of disturbance may be very distant. 

In conclusion Rossi gives a description of a good method of making 
a microphone. A common nail has a short piece of copper wire wound 
round it, and the other end of the wire is wound round a fixed metallic 
support. The nail thus stands at the end of a weak horizontal spring ; 
but the nail is arranged so that it stands inclined to the horizon, instead 
of being vertical. The point of the nail is then put to rest on the middle 
of the back of a silver watch, which lies flat on a slab. The two elec- 
trodes are the handle of the watch and the metallic support. He says 
that this isas good as any instrament. The telephone is a seismological 
instrament, and therefore, strictly speaking, beyond the scope of this 
Report; but as some details of its use have already been given, I will 
here quote portions of an interesting letter by Prof. John Milne, of the 
Imperial Engineering College of Tokio, which appeared in ‘ Nature’ for 
June 8, 1882. Mr. Milne writes :— 

‘In order to determine the presence of these earth-tremors, at the end 
of 1879 I commenced a series of experiments with a variety of apparatus, 
amongst which were microphones and sets of pendulum apparatus, very 
similar in general arrangement, but, unfortunately, not in refinement of 
construction, to the arrangements now being used in the Cavendish 
Laboratory. 

‘The microphones were screwed on to the heads of stakes driven in 
the ground, at the bottom of boxed-in pits. In order to be certain that 
the records which these microphones gave were not due to local actions, 
such as birds or insects, two distinct sets of apparatus were used, one 
being in the middle of the lawn in the front of my house, and the other 
ina pit at the back of the house. The sensitiveness of these may be 
learnt from the fact that if a small pebble was dropped on the grass 
within six feet of the pit, a distinct sound was heard in the telephone, 
and a swing produced in the needle of the galvanometer placed in con- 
nection with these microphones. A person running or walking in the 
neighbourhood of the pits, had each of his steps so definitely recorded, 
that a Japanese neighbour, Mr. Masato, who assisted me in the experi- 
ments, caused the swinging needle of his galvanometer to close an 
electric circuit and ring a bell, which, it is needless to say, would alarm a 
household. In the contrivance we have a hint as to how earth-tremors 
may be employed as thief-detectors. 

‘The pendulum apparatus, one of which consisted of a 20-lb. bob 
of lead at the end of 20 feet of pianoforte wire provided with small galva- 
nometer mirrors and bifilar suspensions, were also used in pairs. With 
this apparatus a motion of the bob relatively to the earth was magnified 
1,000 times, that is to say, if the spot of light which was reflected from 
the mirror moved a distance equal to the thickness of a sixpence, this 
indicated there had been a relative motion of the bob to the extent of 
1,000th part that amount. 

‘The great evil which everyone has to contend with in Japan when 
working with delicate apparatus is the actual earthquakes, which stop 
or alter the rate of ordinary clocks. 

‘ Another evil which had to be contended with was the wind, which 
shook the house in which my pendulums were supported, and I imagine 
the ground by the motion of some neighbouring trees. A shower of rain 
also was not without its effects upon the microphones. After many 
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months of tiresome observation, and eliminating all motions which by any 
possibility could have been produced by local influence, the general result 
obtained was that there were movements to be detected every day and 
sometimes many times per day. . 

‘A great assistance to the interpretation of the various records which 
an earthquake gives us on our seismographs is what I may call a barri- 
cade of post-cards. At the present moment Yedo is barricaded, all the 
towns around for a distance of 100 miles being provided with post-cards. 
Everyone of them is posted with a statement of the shocks which have 
been felt. 

‘For the months of October and November it was found from the 
records of the post-cards that nearly all the shocks came from the north 
and passed Yedo to the south-west. When coming in contact with a 
high range of mountains, they were suddenly stopped, as was inferred 
from the fact that the towns beyond this range did not perceive that an 
earthquake had occurred. This fact having been obtained, the barricade 
of post-cards has been extended to towns lying still farther north. The 
result of this has been that several earthquake origins have, so to speak, 
been surrounded or coralled, whilst others have been traced as far as the 
seashore. Tor the latter shocks, earthquake-hunting with post-cards has 
had to cease, and we have solely to rely upon our instruments. Having 
obtained our earthquake centres, at one or more of these our tremor 
instruments might-be erected, and it would soon be known whether an 
observation of earth-tremors would tell us about the coming of an earth- 
quake as the cracklings of a bending do about its approaching breakage. 
To render these experiments more complete, and to determine the exist- 
ence of a terrain tide, a gravitimeter might be established. I mention 
this because if terrain tides exist, and they are sufficiently great from a 
geological point of view, it would seem that they might be more pro- 
nounced and therefore easier to measure in a country like Japan, resting 
in a heated and perhaps plastic bed, than in a country like England, 
where volcanic activity has so long ceased, and the rocks are, compara- 
tively speaking, cold and rigid, if an instrument, sufficiently delicate to 
detect differences in the force of gravity, in consequence of our being 
lifted farther from the centre of the earth every time by the terrain tide 
as it passed between (sic) our feet, could be established in conjunction with 
the experiments on earth-tremors.’ 

The only account which I have been able to find of M. Bouquet de 
la Grye’s observations (mentioned a the Jast Report) is contained in 
the ‘Comptes Rendus’ for March 22, 1875, page 725. M. Bouquet 
writes :— 

‘, . , The observation of the levels of our meridian telescopes put us 
on the track of a curious fact. Not only is Campbell Island subject to 
earthquakes, but it also exhibits movements when the great swell falls in 
breakers on the coast. I thought that it would be interesting to study 
this new phenomenon. The instrument, which was quickly put together, 
consisted of a steel wire supporting a weight, to which was soldered a 
needle ; the movements of the weight were amplified 240 times by means 
of a lever ; by passing an electric current through this multiplying 
pendulum, ‘which was terminated at the bottom by a small cup of 
amalgamated tin, regular oscillations of +,55th of a mm. could be re- 
gistered. I propose to repeat these observations with a pendulum of 
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much larger amplifying power, so as to try to register the variations of 
the plumb-line.’ 

In a letter to me, M d’Abbadie mentions an attempt by Brunner to 
improve M. Bouquet de la Grye’s apparatus, but considers that the attempt 
was a failure. 

He also tells me that Delaunay directed M. Wolf to devise an 
apparatus for detecting small deviations of the vertical, and that the 
latter, without M. d’Abbadie’s knowledge, adopted his rejected idea of 
a pendulum, about 30 meters long, bearing a prism at the end by 
reflection from which a scale was to be read by means of a distant small 
refractor. The pendulum was actually set up, but the wire went on 
twisting and untwisting until Delaunay’s death, and no observations were 
made with it. Our own experience is enough to show that nothing could 
have been made of such an instrument. 

M. d’Abbadie gives further explanations of a passage in his own paper 
about the arrangements for the staircases for access to and observation 
with his Nadirane. In writing the Report of 1881 I had found the 
description of the arrangements difficult to understand. 

The woodcut below is a copy of the rough diagram that he sent me. 

There were three staircases :— 

T cut in the rock; C B to ascend from the cellar-flags C D; and, lastly, 
AS to mount from the boarded ground floor, A B, to the small floor S N, 
which was hung from the roof. The two upper staircases did not touch 
the truncated cone of concrete anywhere. 


$ N 


external slope of ten in one, instead of one in ten as stated in last year’s 
Report ; the French expression was ‘ une inclinaison d’un dixiéme.’ 

__ M. d@’Abbadie informs me that the apparently curious phenomenon of 
the ‘ombres fuyantes,’ which were observed in the reflection from the 
pool of mercury, to which we drew attention last year, was of no signifi- 
cance. It arose from the currents of air caused by a candle left standing 
on the staircase T cut in the rock. The light was required for pouring 
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out the mercury, and it was left burning whilst the observation was being 
taken; but now that this operation is done entirely from above, the 
phenomenon has disappeared. 

In a paper entitled ‘Recherches sur la Verticale’ (Ann. de la Soc. 
Scient. de Bruxelles, 1881), M. d’Abbadie continues the account of his 
observations with his instrument, called by him a Nadirane. It was 
described in the last year’s Report, and some further details have been given 
above. A portion of this paper refers to his old observations, and gives 
further important details as to the exact method of making observations, 
and of various modifications which have been introduced. 

Each complete observation consists of the following processes :— 
measurement of the distance between the cross-wires and their image, 
(1) in the meridian, (2) in the prime vertical, (3) in the N.W. azimuth, 
(4) observation of barometer, (5) of thermometer, (6) of direction and 
force of the wind, (7) condition and movement of the image estimated 
with the micrometer, (8) condition of the heavens, (9) of the breakers 
called ‘les Criquets,’ which can be observed from the neighbouring room. 

This last is to determine whether it is possible to have a rough sea 
with a calm image; a condition which has not hitherto been observed. 
This statement seems somewhat contradictory of the following :— 

‘ Aucunes des variations dans les circonstances concomitantes n’a paru 
se rattacher a ]’état de l'image qui, pendant des journées entiéres, parait 
tantdt belle, tantdt faible, et parfois méme disparait entiérement, bien que 
ce dernier inconvénient ait été évité en grande partie par l’usage d’un 
récipient en bois 4 fond rainé pour contenir le mercure.’ I presume we 
are to understand that the roughness of the sea and the badness of the 
image is the only congruence hitherto observed. 

. d’Abbadie’s observations on the effect of the tides will be referred 
to in the Appendix to this Report. He then discusses the various causes 
which may perhaps influence the vertical. 

The variations of air-temperature are insufficient, because the vertical 
has been seen to vary 2'’4 in six hours. If the effects are to be attri- 
buted to variations in the temperature of the rock, it would be necessary 
to suppose that that temperature varies discontinuously, which it is 
difficult to admit. 

If it be supposed that the changes take place in the instrument itself, 
the like must be true of astronomical instruments, And there is no reason 
to admit the reality of such strange variations. 

Another cause, more convenient because more vague, is variation of a 
chemical or mechanical nature in the crust of the earth. But if this be 
so, why does the vertical ever return to its primitive position ? Another 
cause may be variation in the position of the earth’s axis of rotation. 

The azimuthal variations in astronomical instruments, referred to 
by M. d’Abbadie (see a paper by Mr. Henry, vol. 8, p. 134, ‘ Month. Not. 
R.A.S8.’), are difficult to explain without having recourse to such variation 
in the axis of rotation. 

He also tells us that Ellis (vol. 29, 1861, p. 45, ‘ Mem. R.A.S. ”) has dis- 
cussed the Greenwich observations from 1851 to 1858. A comparison of 
the results obtained from two neighbouring meridian instruments seemed 
to show that the azimuthal variations are partly purely instrumental. 

M. d’Abbadie’s paper contains diagrams illustrating the variations of 
the vertical observed with the Nadirane during nearly two years. He 
sums up the results as follows :— . 
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‘En résumé le maximum d’écart du sud au nord entre le fil et son 
image a été egal 4 492 (this is 15/94; it seems as though this should 
be twice the deviation of the vertical) le 30 Novembre a 8h. 43m. du 
matin. Ce méme jour, 4 7h. 28m., on a lu 401, chiffre porté ici au 
tableau, et 37'“6 seulement a 1h. 32m. du soir. Dans l’espace de six 
heures la verticale a done varié de 2:5 ou 0/81 (as this is the deviation 
of the image, should not the deviation of the vertical be half as much ?). 
Le minimum de I’année, ou 3:06, fut atteint le 19 Janvier a 3h. 3m. du 
matin, ainsi que le 21 du méme mois a midi, bien qu’on ett observé 3°44 et 
3°30 dans les matinées de ces deux jours, ainsi qu’on le voit au tablean 


ci-apres ... . Pendant l’année entiére la verticale, considérée selon le 
plan du méridien, a done varié d’un angle de 12-45 ou 4034... . On 
aura... . 83 ou 2/7 pour la plus grande variation dans le sens Hst- 


Ouest ot l’on nivelle les tourillons des lunettes méridiennes.’ 

Towards the end M. d’Abbadie makes the excellent remark, that in 
discussing latitudes and declinations of stars, account should be taken of 
the instantaneous position of the vertical at the moment of taking the 
observation. 

In the ‘Archives des Sciences,’ 1881, vol. 5, p. 97, M. P. Planta- 
mour continues the account of his observations on oscillations of the soil 
at Sécheron, near Geneva. The account of the earlier observations, 
which we quoted from the ‘Comptes Rendus’ in our previous Report, are 
also contained in vol. 2 of the ‘Archives,’ p. 641. The paper to which 
we are now referring contains a graphical reproduction of the previous 
series of observations, as far as concerns the daily means. 

The new series extends from October 1, 1879, to December 31, 1880, 
the disposition of the levels being the same as was described in our last 
Report. The observations were taken at 9 a.m. and 6 p.m., which hours 
are respectively a little before the diurnal minimum and maximum. The 
meaning of the terms maximum and minimum were somewhat obscure in 
the ‘Comptes Rendus,’ but I now find that the right interpretation was 
placed on M. Plantamour’s words, for maximum means for the two 
levels EH. end highest and S. end highest. 

The N.S. level seems to have behaved very similarly in the two years: 
of observation ; the total annual amplitudes in the two years being 4/89 
and 4/56 respectively. In both years this level followed, with some 
retardation, the curve of external temperature, except between April and 
October, when the curves appear to be inverted. The H.W. level be- 
haved very differently in the two years. In 1879 the E. end began to 
fall rapidly at the end of November, and continued to fall until De- 
cember 26, when the reading was — 88°71; it rose a little early in 
January and then fell again, so that on January 28, 1880, the reading 
was — 89-95. The amplitude of the total fall (viz. from October 4, 1879, 
to January 28, 1680) was 95’"80. In the preceding year. the amplitude 
was only 28/08. The H. end has never recovered its primitive position, 
and remains nearly 80’ below its point of departure. 

It is difficult to believe that so enormous a variation of level is 
normal, and one is tempted to suspect that there is some systematic error 
in his mode of observation. If such oscillations as these were to take 
place in an astronomical observatory, accurate astronomical observations 
would be almost impossible. 

I have seen nothing which shows that M. Plantamour takes any 
special precaution with regard to the weight of the observer’s body, nor 
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is it expressly stated that the observer always stands in exactly the same 
position, although, of course, it is probable that this is the case. It would 
be interesting, also, to learn whether any precautions have been taken for 
equalising the temperature of the level itself. To hold the hand in the 
neighbourhood of a delicate level is sufficient to quite alter the reading. 
In one of his letters to me M. d’Abbadie also remarks on the slow 
molecular changes in glass, which render levels untrustworthy for com- 
parisons at considerable intervals of time. Although we must admire 
M. Plantamour’s indomitable perseverance, it is to be regretted that his 
mode of observation is by means of levels ; and we are compelled to regard, 
at least provisionally, these enormous changes of level either as a local 
phenomenon, or as due to systematic error in his mode of observation. 

In the Report for 1881 we referred to some observations by Admiral 
Mouchez, made in 1856, on changes of level. A short paper by Admiral 
Mouchez on these observations will be found in the ‘ Comptes Rendus ’” 
for 1878, vol. 87, p. 665. I now find that the observations were, in 
fact, discussed by M. Gaillot, in a paper entitled ‘ Sur la direction de la 
verticale a l’observatoire de Paris,’ at p. 684 of the same volume. The 
paper consists of the examination of 1,077 determinations of latitude, made 
between 1856 and 1861, with the Gambey circle. 

M. Gaillot concludes that the variation from year to year is acci- 
dental, and that the variation of latitude in the course of the year is 
represented by 


apa 1.00) 2, [360° (t — 95) 
oh = + 0/20 sin loge eat | 


where ¢ is the number of days since January 1. 

By a comparison of day and night observations he concludes that 
there is no trace of a diurnal variation. On this we may remark that, if 
the maximum and minimum occur at 6 P.M. and 6 A.M. (which is, roughly 
speaking, what we found to be the case), then the diurnal oscillation 
must necessarily disappear by this method of treatment. 

Individual observations ranged from 2/48 above to 317 below the 
mean. On this he remarks :— 

*Ceux qui savent combien l’observation du nadir présente parfois de 
diffieulté dans un observatoire situé au milieu d’une grande ville, ... . 
ceux-la ne trouveront pas ces écarts exagérés, et ne croiront nullement avoir 
besoin de faire intervenir une déviation de la verticale pour les expliquer.’ 

M. Gaillot concludes by remarks adverse to any sensible deviations 
of the vertical. 

It seems to me, however, that in the passage about the influence of 
the traffic of a great town, M. Gaillot begs the whole question by setting 
down to that disturbing influence all remarkable deviations of the ver- 
tical. Our observations, and those of many others, are entirely adverse 
to such a conclusion. 

M. d’Abbadie, in a letter to me, also expresses himself as to the in- 
conclusiveness of M. Gaillot’s discussion. 

He also tells me that M. Tisserand, in his observations of latitude in 
Japan, found variations amounting to nearly 7’; and when asked ‘ How he 
could be so much in error,’ answered ‘That he was sure of his observa- 
tions and calculations, but could not explain the cause of such variations.’ 

The following further references may perhaps be useful :—Maxwell’s 
paper on the 306-day inequality in the earth’s rotation, which was men- 
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tioned in the Report of last year, is in the ‘Trans. Roy. Soc.’ of Edin- 
burgh, 1857, vol. 21, pp. 559-70. See also Bessel’s ‘ Abhandlungen,’ 
vol. 2, p. 42, vol. 3, p. 304. In ‘ Nature’ for January 12, 1882 (p. 250), 
there is an account of the work of the Swiss Seismological Commission. 
The original sources appear to be a text-book on Seismology by Professor 
Heim, of Bern, the ‘ Annuaire’ of the Physical Society of Bern, and the 
‘Archives des Sciences’ of Geneva. I learn from M. d’Abbadie that 
Colonel Orff has been making systematic observations twice a day with 
levels at the Observatory at Munich, and that Colonel Goulier has been 
doing the same at Paris, with levels filled with bisulphide of carbon. 


APPENDIX. 


On Variations in the Vertical due te Elasticity of the Earth’s Surface. 
By G. H. Darwin, F.R.S. 


1. On the Mechanical Effects of Barometric Pressure on the Earth’s Surface. 


The remarks of Signore de Rossi, on the observed connection between 
barometric storms and the disturbance of the vertical, have led me to 
make the following investigation of the mechanical effects which are 
caused by variations of pressure acting on an elastic surface. The results 
seem to show that the direct measurement of the lunar disturbance of 
gravity must for ever remain impossible. 

The practical question is to estimate the amount of distortion to which 
the upper strata of the earth’s mass are subjected, when a wave of baro- 
metric depression or elevation passes over the surface. The solution of 
the following problem should give us such an estimate. 

Let an elastic solid be infinite in one direction, and be bounded in the 
other direction by an infinite plane. Let the surface of the plane be every- 
where acted on by normal pressures and tractions, which are expressible 
as a simple harmonic function of distances measured in some fixed direc- 
tion. along the plane. It is required to find the form assumed by the 
surface, and generally the condition of internal strain. 

This is clearly equivalent to the problem of finding the distortion of 
the earth’s surface produced by parallel undulations of barometric elevation 
and depression. It is but a slight objection to the correctness of a rough 
estimate of the kind required, that barometric disturbances do not actazally 
occur in parallel bands, but rather in circles. And when we consider the 
magnitude of actual terrestrial storms, it is obvious that the curvature of 
the earth’s surface may be safely neglected. 

This problem is mathematically identical with that of finding the state 
of stress produced in the earth by the weight of a series of parallel 
mountains. The solution of this problem has recently been published in 
a paper by me in the ‘Philosophical Transactions’ (Part II. 1882, pp. 
187-230), and the solution there found may be adapted to the present case 
in a few lines. 

The problem only involves two dimensions. If the origin be taken in 
the mean horizontal surface, which equally divides the mountains and 
valleys, and if the axis of z be horizontal and perpendicular to the moun- 


ON THE MEASUREMENT OF THE LUNAR DISTURBANCE OF GRAVITY. 107 


tain chains, and if the axis of x be drawn vertically downwards, then the 
equation to the mountains and valleys is supposed to be 


z 
L h cos 3 
so that the wave-length from crest to crest of the mountain ranges is 27). 

The solution may easily be found from the analysis of section 7 of the 
paper referred to. It is as follows :— 

Let a, y be the displacements at the point 2, z vertically downwards 
and horizontally (a has here the opposite sign to the a of (44)). Let w be 
the density of the rocks of which the mountains are composed; g gravity ; 
v modulus of rigidity, then 


a aa a [ea] 
daz 


2u 
STS A | 
Y= Dy ba as . ° . (1) 
—x/b 4 
where W=—gwhe  cos— 


b 


From these we have at once 


oa, b(1+5 Je cos; | 

_ gwh —z/b | & F 9)1 
y=" te Sin; Pus : (2) 
da __ _ qwh TN de ag 
eo? (145) ae 


The first of these gives the vertical displacement, the second the hori- 
zontal, and the third the inclination to the horizon of strata primitively 
lane. 


At the surface 
heal beos*, y=0 
Qu b (3) 
da ___guh 52 fee gra 
dz Qu b 


Hence the maximum vertical displacement of the surface is + gwhb/2v, 
and the maximum inclination of the surface to the horizon is 


+ cosec 1” x gwh/2v seconds of arc. 


1 It is easy to verify that these values of a and y, together with the value 
p = gmh e-*!> cos z/b for the hydrostatic pressure, satisfy all the conditions of the 
problem, by giving normal pressure gwh cos z/b at the free surface of the infinite plane, 
and satisfying the equations of internal equilibrium throughout the solid. I take 
this opportunity of remarking that the paper from which this investigation is taken 
contains an error, inasmuch as the hydrostatic pressure is erroneously determined in 
section 1. The term — W should be added to the pressure as determined in (3). 
This adds W to the normal stresses P, Q, R throughout the paper, but leaves the 
difference of stresses (which was the thing to be determined) unaffected. If the 
reader should compare the stresses, as determined from the values of a, y in the text 
above, and from the value of p given in this note, with (38) of the paper referred to, 
he is warned to remember the missing term W, 
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Before proceeding further I shall prove a very remarkable relation 
between the slope of the surface of an elastic horizontal plane and the 
deflection of the plumb-line caused by the direct attraction of the weight 
producing that slope. This relation was pointed out to me by Sir William 
Thomson, when I told him of the investigation on which I was engaged ; 
but I am alone responsible for the proof as here given. He writes that 
he finds that it is not confined simply to the case where the solid is 
incompressible, but in this paper it will only be proved for that case. 

Let there be positive and negative matter distributed over the horizontal 
plane according to the law wh cos (z/b); this forms, in fact, harmonic 
mountains and valleys on the infinite plane. We require to find the 
potential and attraction of such a distribution of matter. 

Now the potential of an infinite straight line, of line-density p, at a 
point distant d from it, is well known to be — 2p log d, where p is the 
attraction between unit masses at unit distance apart. Hence the potential 
V of the supposed distribution of matter at the point , z, is given by 


v=- 2h | cos “log V {o? +(¢—2)"}dg 


=~ pois angie + @- ona DHCD} 


It is not hard to show that the first term vanishes when taken between 
the limits. 


Now put ¢= oS, so that sin $= == S10 : cos + cos « sin = and we 


have 


= ea Gee: 2 te . 2\ tdé 
b= 2yuwhd| (sin ; COS 5 + cos 7 sin; ) ee 


But it is known! that 


t? ¢ sin ct dt +> ¢ cos. ct 
———_—_— =765; di—0: 
ie 142 4 cree 
Therefore i | V= 2rpwhbe ae cos . 
If g be gravity, a earth’s radius, and ¢ earth’s mean density, 27 = aa 
0 
And v= Sun be cos : : ' (4) 


The deflection of the plumb-line at any point on the surface denoted by 
2 = 0, and z, is clearly dV/gdz, whenx =0. Therefore, 


the deflection = — : x SDl sin ne bs : - (5) 
‘ 
But from (2) the slope (or 2 “, when z is zero), is — = it sin : . 
“U 7) 


Therefore deflection bears to slope the same ratio as v/gtoiaé. This 
1 See Todhunter’s Int. Cale.; Chapter on ‘ Definite Integrals.’ 
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ratio is independent of the wave-length 27d of the undulating surface, of 
the position of the origin, and of the azimuth in the plane of the line 
normal to the ridges and valleys. Therefore the proposition is true of any 
combination whatever of harmonic undulations, and as any inequality may 
be built up of harmonic undulations, it is generally true of inequalities of 
any shape whatever. 

Now a = 6:37 x 10% cm., 6 = 52; and 4ad = 12:03 x 108 grammes 
per square centimeter. The rigidity of glass in gravitation units ranges 
from 1°5 x 10° to 2'4 x 108. Therefore the slope of a very thick slab of 
the rigidity of glass, due to a weight placed on its surface, ranges from 
8to 5 times as much as the deflection of the plumb-line due to the attraction 
of that weight. Even with rigidity as great as steel (viz., about 8 x 108), 
the slope is 1} times as great as the deflection. 

A practical conclusion from this is that in observations with an artificial 
horizon the disturbance due to the weight of the observer’s body is very 
far greater than that due to the attraction of his mass. This is in perfect 
accordance with the observations made by my brother and me with our 
pendulum in 1881, when we concluded that the warping of the soil by our 
weight when standing in the observing room was a very serious disturb- 
ance, whilst we were unable to assert positively that the attraction of 
weights placed near the pendulum was perceptible. It also gives emphasis 
to the criticisms we have made on M. Plantamour’s observations— 
namely, that he does not appear to take special precautions against the 
disturbance due to the weight of the observer’s body. 

We must now consider the probable numerical values of the quantities 
involved in the barometric problem, and the mode of transition from the 
problem of the mountains to that of barometric inequalities. 

The modulus of rigidity in gravitation units (say grammes weight per 
square centimeter) isv/g. Inthe problem of the mountains, wh is the mass 
of a column of rock of one square centimeter in section and of length equal 
to the height of the crests of the mountains above the mean horizontal 
plane. In the barometric problem, wh must be taken as the mass of a 
column of mercury of a square centimeter in section and equal in height 
to a half of the maximum range of the barometer. 

This maximum range is, I believe, nearly two inches, or, let us say, 
5 om. 

The specific gravity of mercury is 13-6, and therefore wh = 34 grammes. 

The rigidity of glass is from 150 to 240 million grammes per square 
centimeter ; that of copper 540, and of steel 843 millions. 

I will take vjg =3 x 108, so that the superficial layers of the earth 
are assumed to be more rigid than the most rigid glass. It will be easy 
to adjust the results afterwards to any other assumed rigidity. 


: f qwh _ 567, 648,000 _ 5°67 
With these data we have oy = 108? also = x 108 


It seems not unreasonable to suppose that 1500 miles (2°4 x 10° em.) 
is the distance from the place where the barometer is high (the centre of 
the anti-cyclone) to that where it is low (the centre of the cyclone). 
Accordingly the wave-length of the barometric undulation is 4°8 x 10°cm., 
and b= 4'8 x 108 + 6:28 cm., or, say, b =°8 x 10° cm. 


= 00117. 


Thus, wittislede date gel b= 45 cm: 
Uv 
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We thus see that the ground is 9 cm. higher under the barometric 
depression than under the elevation. 

If the sea had time to attain its equilibrium slope, it would stand 
5 x 18:6, or 68 cm. lower under the high pressure than under the low. 
But as the land is itself depressed 9 cm., the sea would apparently only 
be depressed 59 cm. under the high barometer. 

It is probable that, in reality, the larger barometric inequalities do not 
linger quite long enough over particular areas to permit the sea to attain 
everywhere its due slope, and therefore the full difference of water-level 
can only be attained occasionally. 

On the other hand, the elastic compression of the ground must take 
place without any sensible delay. Thus it seems probable that the elastic 
compression of the ground must exercise a very sensible effect in modifying 
the apparent depression or elevation of the sea under high and low baro- 
meter. 

It does not appear absolutely chimerical that, at some future time 
when both tidal and barometric observations have attained to great 
accuracy, an estimate might thus be made of the average modulus of 
rigidity of the upper 500 miles of the earth’s mass. 

Even in the present condition of barometric and tidal information, it 
might be interesting to make a comparison between the computed height 
of tide and the observed height, in connection with the distribution of 
barometric pressure. It is probable that India would be the best field 
for such an attempt, because the knowledge of Indian tides is more com- 
plete than that for any other part of the world. On the other hand we 
shall see in the following section that tidal observations on coast-lines of 
continents are liable to disturbance, so that an oceanic island would be a 
more favourable site. 

It has already been shown that the maximum apparent deflection of 
the plumb-line, consequent on the elastic compression of the earth, 
amounts to 00117, and this is augmented to 0/0146 when we include 
the true deflection due to the attraction of the air. Itis worthy of remark 
that this result is independent of the wave-length of the barometric 
inequality, and thus we get rid of one of the conjectural data. 

Thus if we consider the two cases of high pressure to right and low 
to left, and of low pressure to right and high to left, we see that there 
will be a difference in the position of the plumb-line relatively to the 
earth’s surface of 0/0292. Even if the rigidity of the upper strata of 
the earth were as great as that of steel, there would still be a change of 
0-011. 

A. deflection of magnitude such as 0/03 or 001 would have been 
easily observable with our instrument of last year, for we concluded 
that a change of ;1,th of a second could be detected, when the change 
occurred rapidly. 

It was stated in our previous Report that at Cambridge the calculated 
amplitude of oscillation of the plumb-line due directly to lunar disturbance 
of gravity amounts to 00216. Now as this is less than the amplitude 
due jointly to elastic compression and attraction, with the assumed rigidity 
(300 millions) of the earth’s strata, and only twice the result if the 
rigidity be as great as that of steel, it follows almost certainly that from 
this cause alone the measurement of the lunar disturbance of gravity 
must be impossible with any instrument on the earth’s surface. 

Moreover the removal of the instrument to the bottom of the deepest 
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known mine would scarcely sensibly affect the result, because the flexure 
of the strata at a depth so small, compared with the wave-length of 
barometric inequalities, is scarcely different from the flexure of the 
surface. 

The diurnal and periodic oscillations of the vertical observed by us 
were many times as great as those which have just been computed, and 
therefore it must not be supposed that more than a fraction, say perhaps 
a tenth, of those oscillations was due to elastic compression of the earth. 

The Italian observers could scarcely, with their instruments, detect 
deflections amounting to +},th of a second, so that the observed connec- 
tion between barometric oscillation and seismic disturbance must be of a 


. different kind. 


It is not surprising that in a volcanic region the equalisation of pres- 
sure, between imprisoned fluids and the external atmosphere, should lead 
to earthquakes. 

If there is any place on the earth’s surface free from seismic forces, 
it might be possible (if the effect of tides as computed in the following 
section could be eliminated) with some such instrument as ours, placed 
in a deep mine, to detect the existence of barometric disturbance many 
hundreds of miles away. It would of course for this purpose be necessary 
to note the positions of the sun and moon at the times of observation, and 
to allow for their attraction. 


2. On the Disturbance of the Vertical near the Coasts of Continents due 
to the Rise and Fall of the Tide. 


Consider the following problem :— 

On an infinite horizontal plane, which bounds in one direction an 
infinite incompressible elastic solid, let there be drawn a series of parallel 
straight lines, distant J apart. Let one of these be axis of y, let the axis 
of z be drawn in the plane perpendicular to the parallel lines, and let the 
axis of « be drawn vertically downwards through the solid. 

At every point of the surface of the solid, from z = 0 to J, let a normal 
pressure gwh (1 — 2z/l) be applied; and from z = 0 to — 1 let the sur- 
face be free from forces. Let the same distribution of force be repeated 
over all the pairs of strips into which the surface is divided by the system 
of parallel straight lines. It is required to determine the strains caused 
by these forces. 

Taking the average over the whole surface there is neither pressure 
nor traction, since the total traction on the half-strips subject to traction 
is equal to the total pressure on the half-strips subject to pressure. 

The following is the analogy of this system with that which we wish 
to discuss: the strips subject to no pressure are the continents, the alter- 
nate ones are the oceans, g is gravity, w the density of water, and h the 
height of tide above mean water on the coast-line. 

We require to find the slope of the surface at every point, and the 
vertical displacement. 

It is now necessary to bring this problem within the range of the 
results used in the last section. In the first place, it is convenient to 
consider the pressures and tractions as caused by mountains and valleys 
whose outline is given by z = — h (1 — 22/1) from z = 0 to J, andz =0 
from z = 0to— 1. To utilise the analysis of the last section, it is neces- 
sary that the mountains and valleys should present a simple-harmonic 
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outline. Hence the discontinuous function must be expanded by Fourier’s 
method. Known results of that method render it unnecessary to have 
recourse to the theorem itself. It is known that— 


#tiaz—i60=sin0+4sin20+4sin30+ ..... 
—}6=—sin6+4sin20—Jsin304+.... 


ye F0= 9 | cos 0 + 2, c0880-+ 5 cos 50 +... \ 
Tv 


The upper sign being taken for values of @ between the infinitely small 
positive and + 7, and the lower for values between the infinitely small 
negative and — z. 

Adding these three series together we have— 


2{ 4 sin 20 + } sin 40 oie: V4 | cos 0 +3, cos 30 + 5,008 50+ ay 
Tv oO” 


equal to z — 20 from 0 = 0 to + =, and equal to zero from 6 = 0 to — x. 
Hence the required expansion of the discontinuous function is— 


_ 2h { 4sin 20+} sin 40+ si ‘F 
Tv 


Ah iI 1 

— Hi c0s 6 + 55 08 30 + Z,c08 59+. . b «Me (eit (6) 

] Dare eagle 64, sins age 7 
where i sib MOND 
For it vanishes from z= — / to 0, and is equal to — i(1 — 22/1) from 

2=0to+l. 

Now looking back to the analysis of the preceding section we see that 
if the equation to the mountains and valleys had been « = — hsin(z/b), 


a would have had the same form as in (2) but of course with sine for 
cosine, and y would have changed its sign and a cosine would have stood 
for the sine. Applying then the solution (2) to each term of our expan- 
sion separately, and only writing down the solution for the surface at 
which « = 0, we have at once that y = 0, and 


1 


a= Wh LY © sin 26 + sin 49+ J,sin +. . 


Tu 7 


gwh 2 gt i! 
4 Meh Bf cost + 5,008 39 + <,cos 50+... b «2 aes (8) 
da__ wz da, 


The slope of the surface is wo de thus 


da Wh 1 5 cos 20 + 3 cos 40 + bcos G9 +... } 
dz mu L~ 

awh 2f . ileert i at ares 

— ah 2 find +5, sin30+ 5, sinso+...} eer 2 (9) 


Tu 


The formule (8) and (9) are the required expressions for the vertical 
depression of the surface and for the slope. 


— 


ON THE MEASUREMENT OF THE LUNAR DISTURBANCE OF GRAVITY. 115 


It is interesting to determine the form of surface denoted by these 
equations. Let us suppose then that the units are so chosen that 
gwhl|x?v may be equal to one. Then (8) becomes 


a= 5, sin 20+ Zpsin 40+. +21 Feo +35 cos 30+ . . bao) 
Gn sy 9 : ar 1 f 
sz HS 7 C - A 7) ating ie] ees =a =F r6 

70 5 Cos 20 + i cos 46 + pin 8 + 35 sin 30 +. (11) 


When 0 is zero or + 7, da/d0 becomes infinite, which denotes that 
the tangent to the warped horizontal surface is vertical at these points. 
The verticality of these tangents will have no’place in reality, because 
actual shores shelve, and there is not a vertical wall of water when the 
tide rises, as is supposed to be the casein the ideal problem. We shall, how- 
ever, see that in practical numerical application, the strip of sea-shore along 
which the solution shows a slope of more than 1” is only a small fraction 
of a millimeter. Thus this departure from reality is of no importance 
whatever. 

When 06= 0 or+z, 


2 if 1 1 Ai i aE 
== 54+ Stat... ep == x 1052 =°670; 
{get grtge ts: sf = Ex 1052 = 6705 
being + When 6= 0, and — when# = =r. 
When 0=+47, a vanishes, and therefore midway in the ocean 


and on the land there are nodal lines, which always remain in the undis- 
turbed surface, when the tide rises aia falls. At these nodal lines, de- 
fined by 0 = + 37, 


da == fk 1 1 
Wg 7 Bee 2 F \a-gte--: 
= — 3466 + 6168 = — :9684 and 4+ °2702 


Thus the slope is gr pater at mid-ocean than at mid-land. By assuming 
6 successively as ¢7,i7,47, and summing arithmetically the strange 
series which arise, we can, on paying attention to the manner in which 
the al of the series eee obtain the es of a corresponding to 
0, + 47, +47, + 37, tor, + $7, +37,+ G7. The resulting values, to- 


gether with the slopes a as obtained above, are > amply sufficient for drawing 
a figure, as in the annexed diagram. 


LOW TIDE 
LOW TIDE 


LAND 


SEA 


LAND SEA 


a a eS 


SSE TLL, Fo TE TOE eC LLY 


The straight line is a section of the undisturbed level, the shaded part 
being land, and the dotted sea. The curve shows the distortion, when 
warped by ‘high and low tide as indicated. 

The scale of the figure is a quarter of an inch to ¢7 for the abscissas, 

1882. I 
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and a quarter of an inch to unity for the ordinates; it is of course an 
enormous exaggeration of the flexure actually possibly due to tides. 

It is interesting to note that the land regions remain very nearly flat, 
rotating about the nodal line, but with slight curvature near the coasts. 
It is this curvature, scarcely perceptible in the figure, which is of most 
interest for practical application. 

The series (8) and (9) are not convenient for practical calculation in 
the neighbourhood of the coast, and they must be reduced to other forms. 
It is easy, by writing the cosines in their exponential form, to show that 


cos 6 + 4. cos 29 +4cos 304 ... = — log, (+2 sin $0)... (13) 
cos 9 — 4. cos 2044 cos 304 . == Mog. (2 cos 40)! Saas) 


Where the upper sign in (13) is to be taken for positive values of 0 and 
the lower for negative. 
For the small values of 0, for which alone we are at present con- 
cerned, the series (13) becomes — log, (+ @) and the lower log, 2. 
Taking half the difference and half the sum of the two series we have 


zon 20 + 4 cos406+..... mm Beale oe Meee ep) 
cos0 + 4 cos 30 + } cos 56+ =—4log(+0)+4log2.... (16) 


Integrating (16) with regard to 0, and observing that the constant 
introduced on integration is zero, we have 


sin. f+ zpsin 30 4 i sin 50 = — 16 [log (+6) — 1] + 20 log 2 ..(17) 
Then from (15) and t 7) 
4cos 20+4cos 40+... — =) sind+ Zsin 30 +.. } 


= —4(1— =) tog (40) 4 (14 = 2 log 2-2... (18) 


Integrating (15), and observing that the constant is zero we have, 


ain 20 + pin 40 +... = —40 [log (+ 6) — 1] — 40 log2 (19) 
Integrating (17) and putting in the proper constant to make the left 
side vanish when 0 = 0, we have 
Ll 


btptat- OG 30+ 50s 30 +. --) 


= —} 6 log (+ 6) +36? (2+log2)......, (20) 


For purposes of practical calculation 0 oy be taken as so small that 
the right-hand side of (18) reduces to —4log (+ 209), and the right- 
hand sides of (19) and (20) to zero. 

Hence by (8) and (9), we have in the neighbourhood of the coast 


_ gquh— 2l il ii 
VS Caner Sie art gt oe } 


_ qwh xs SEOSIB7 MU RAE GS! See (21) 
TU 

le a 2 

= 7 flog og, 10 logy) =~" | 
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I shall now proceed to compute from the formule (21) the depression 
of the surface and the slope, corresponding to such numerical data as 
seem most appropriate to the terrestrial oceans and continents. 

Considering that the tides are undoubtedly augmented by kinetic 
action, we shall be within the mark in taking i as the semi-range of 
equilibrium tide. At the equator the lunar tide has a range of about 
53 cm., and the solar tide is very nearly half as much. Therefore at 
spring-tides we may take h = 40 cm. It must be noticed that the high- 
ness of the tides, say 15 or 20 feet, near the coast is due to the shallow- 
ing of the water, and it would not be just to take such values as repre- 
senting the tides over large areas; w, the density of the water is, of 
course, unity. 

If we suppose it is the Atlantic Ocean and the shores of Europe with 
Africa, and of North and South America, which are under consideration, it 
is not unreasonable to take 7 as 3,900 miles or 6°28 x 108cm. Then 
2ne/b = 2x 10-8. 

Taking v/g as 3 x 108, that is to say, assuming a rigidity greater than 
that of glass, we have for the slope in seconds of arc, at a distance z from 
the sea-shore 


27 x 8 x 108 2 


eadenlts $g0920 csp x log. 10x (8 — logy z) \ (22) 
= 001008 (8 — logyo z) 


From this the following table may be computed by simple multipli- 
cation :— 


Distance from mean 


water-mark Slope 
1 cm. = lem.. 5 - é 0 . 0”-0806 
10 cm. = 10cm. . 5 - F - ‘0706 
10? cm. = 1 meter 5 : 3 E - 0605 
103 cm. SAO anepyng a a ' : - 0504 
10* cm. =100m. . : 2 A - . 0403 
105 cm. = lkilom . 2 - A - 00302 
10° cm. = 10 kilom. : 5 . = - 0202 
2x 108cem.= 20 kilom. 5 é 5 a RL OLLO 
5 x 10®°cm.= 50 kilom. - ‘ . P Ae) OUBTE 
107 cm. =100kilom. . 5 d * 5 “SOLO 


On considering the formula (22) it appears that z must be a very small 
fraction of a millimeter before the slope becomes even as great as lL’. 
This proves that the rounded nick in the surface, which arises from the 
discontinuity of pressure at our ideal mean water-mark, is excessively 
small, and the vertical displacement of the surface is sensibly the same, 
when measured in centimeters, on each side of the nick, in accordance 
with the first of (21). j 

The result (5) of section 1 shows that, with rigidity 3 x 108, the true 
deflection cf plumb-line due to attraction of the water is a quarter of the 
slope. Hence an observer in a gravitational observatory at distance z 
from mean water-mark, would note defiections from the mean position of 
the vertical 14 times as great as those computed above. And as high 

I2 
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water changes to low, there would be oscillations of the vertical 23 times 
as great. We thus get the practical results in the following table :— 


Distance of obser- Amplitude of 
vatory from apparent oscillation 

mean water-mark of the vertical 
10 meters. < o : . ; 2 » O26 
100m. . 3 . é . 5 E 2 4 101 
lkilom. . r . : F - 2 ‘076 
10 kilom. . é - 5 : : 5 “050 
20 kilom. . r A : : : "042 
50 kilom. . 5 : A é . : = “035 
100 kilom. . 4 . B ; . Cc 5 025 


It follows, from the calculations made for tracing the curve, that half- 
way across the continent (that is to say, 3,142 kilometers from either 
648,009  gwh , .9703 seconds of arc, = 000237 ; 
Tv Tv 
and the range of apparent oscillation is 0’’-006. 

In these calculations the width of the sea is taken as 6,283 kilometers. 
If the sea be narrower, then to obtain the same deflections of the plumb- 
line, the observatory must be moved nearer the sea in the same pro- 
portion as the sea is narrowed. If, for example, the sea were 3,142 kilo- 
meters wide, then at 10 kilometers from the coast the apparent amplitude 
of deflection is 0/042. If the range of tide is greater than that here 
assumed (viz., 80 cm.), the results must be augmented in the same 
proportion. And, lastly, if the rigidity of the rock be greater or less than 
the assumed value (viz., 3 x 108) the part of the apparent deflection 
depending on slope must be diminished or increased in the inverse pro- 
portion to the change in rigidity. 

I think there can be little doubt that in narrow seas the tides are 
generally much greater than those here assumed ; and it is probable that 
at a gravitational observatory actually on the sea-shore on the south-coast 
of England, apart from seismic changes, perceptible oscillations of the 
vertical would be noted. 

Sir William Thomson has made an entirely independent estimate of 
the probable deflection of the plumb-line at a seaside gravitational obser- 
vatory.! He estimates the attraction of a slab of water, 10 feet thick 
(the range of tide), 50 miles broad perpendicular to the coast, and 100 
miles long parallel with coast, on a plummet 100 yards from the low- 
water mark, and opposite the middle of the 100 miles of length. He 
thinks this estimate would very roughly represent the state of things say 
at St. Alban’s Head. He finds then that the deflection of the plumb-line 
as high tide changes to low would be zgytoooth of the unit angle, or 
0-050. The general theorem proved above, as to the proportionality of 
slope to attraction, shows that, with rigidity 3 x 10° for the rocks of 
which the earth is formed, the apparent deflection of the plumb-line would 
amount to 0/25. 

It is just possible that a way may in this manner be opened for deter- 
mining the modulus of rigidity of the upper 100 or 200 miles of the earth’s 
surface, although the process would be excessively laborious. The tides of 
the British Channel are pretty well known, and therefore it would be 
possible by very laborious quadratures to determine the deflection of the 
plumb-line due to the attraction of the tide at any time at a chosen station. 


1 Thomson and Tait’s Wat. Phil. § 818. 


coast) the slope is 
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If then the deflection of the plumb-line could be observed at that station 
(with corrections applied for the positions of the sun and moon), the 
ratio of the calculated to the observed and corrected deflection, together 
with the known value of the earth’s radius and mean density, form 
the materials for computing the rigidity. But such a scheme would 
be probably rendered abortive by just such comparatively large and 
capricious oscillations of the vertical, as we, M. d’Abbadie and others, 
have observed. 

It is interesting to draw attention to some observations of M. 
d’Abbadie on the deflections of the vertical due to tides. His observatory 
(of which an account was given in the Report for 1881) is near Hendaye 
in the Pyrenees, and stands 72 meters above, and 400 meters distant, from 
the sea. He writes :!— 

‘ J’ai réuni 359 comparaisons d’observations spéciales faites lors du 
maximum du flot et du jusant; 243 seulement sont favorables 4 la théorie 
de Vattraction exercée par la masse des eaux, et l’ensemble des résultats 
pour une différence moyenne de marées égale 4 2:9 métres donne un 
résultat moyen de 056 ou 0/18 pour le double de l’attraction angulaire 
vers le Nord-Ouest. Ceci est conforme A la théorie, car les différences 
observées doivent étre partagées par moitié, selon la loi de la réflexion; 
mais comme il y a toujours de l’inattendu dans les expériences nouvelles, 
on doit ajouter que sur les 116 comparaisons restantes il y en a eu 57 ow 
le flot semble repousser le mercure au lieu de l’attirer. Mes résultats ont 
été confirmés pendant l’hiver dernier par M. l’abbé Artus, qui a eu la 
patience de comparer ainsi 71 flots et 73 jusants consécutifs, de janvier 4 
mars 1880. Lui aussi a trouvé un tiers environ de cas défavorables 4 nos 
théories admises. On est done en droit d’affirmer que sila mer haute 
attire le plus souvent le pied du fil 4 plomb, il y a une, et peut-tre 
plusieurs, autres forces en jeu pour faire varier sa position.’ 

We must now consider the vertical displacement of the land near the 


coast. In (21) it is shown to be ay = 2%" x 1 x 2:1037, where ay in- 
TU vis 


dicates the displacement corresponding to z = 0. 

With the assumed values, h=40,v=3 x 108,72 = 6-28 x 108, I 
find a) = 5684 cm. Hence the amplitude of vertical displacement is 
11°37 cm. As long as hi remains constant’ this vertical displacement 
remains the same ; hence the high tides of 10 or 15 feet which are actually 
observed on the coasts of narrow seas must probably produce vertical 
oscillations of quite the same order as that computed. 

If the land falls the tide of course rises higher on the coast line than 
it would do otherwise ; hence the apparent height of tide would beh + ap. 
But this shows there is more water resting on the earth than according 
to the estimated value h ; hence the depression of the soil is greater in the 
proportion 1 + ay/h to unity; this again causes more tide, which reacts 
and causes more depression, and so on. Thus on the whole the augmen- 
tation of tide due to elastic yielding is in the ratio of 


done rany 4. (£0\- a tbirtnatt 
1+ i Ae ia) tee, 6) te OE l= a 0 unity. 
This investigation is conducted on the equilibrium theory, and it 


neglects the curvature of the sea-bed, assuming that there is a uniform 
’ «Recherches sur la Verticale,’ Ann. de la Soc. Scient. de Bruwelles, 1881. ° 
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slope from mid-ocean to the sea-coast. The figure shows that this is not 
rigorously the case, but it is quite near enough fora rough approximation. 
The phenomena of the short period tides are so essentially kinetic that 
the value of this augmentation must remain quite uncertain, but for 
the long-period tides (the fortnightly and monthly elliptic) the angmen- 
tation must correspond approximately with the ratio 


ey — & x 21037. ) 
TU 


The augmentation in narrow seas will be small, but in the Atlantic Ocean 
the augmenting factor must agree pretty well with that which I now 
compute.! 

With the previous numerical values we have a /h (which is inde- 
pendent of h) equal to ‘1421, and 1 — ag/h = ‘8579 = § very nearly. 

Thus the long-period tides may probably undergo an augmentation at 
the coasts of the Atlantic in some such ratio as 6 to 7. 

The influence of this kind of elastic yielditig is antagonistic to that 
reduction of apparent tide, which must result from an elastic yielding of 
the earth’s mass as a whole. 

The reader will probably find it difficult to estimate what degree of 
probability of correctness there is in the conjectural value of the rigidity, 
which has been used in making the numerical calculations in this paper. 
The rigidity has not been experimentally determined for many substances, 
but a great number of experiments have been made to find Young’s 
modulus. Now, in the stretching of a bar or wire the compressibility 
plays a much less important part than the rigidity, and the formula for 
Young’s modulus shows that for an incompressible elastic solid the 
modulus is equal to three times the rigidity.2, Hence a third of Young’s 
modulus will form a good standard of comparison with the assumed 
rigidity, namely, 3 x 10° grammes weight per square centimeter. The 
following are a few values of a third of Young’s modulus and of rigidity, 
taken from the tables in Sir William Thomson’s article on Elasticity? in 
the ‘ Encyclopedia Britannica.’ 
< ir if ; ; igidity in 
Material ent ete Lessa pac ce ea ee 
Stone . . . . ° : » About 1:2 


Slate . é 0 : 2 . About 3 to 4 

Glass . : - : 5 : . Rigidity 1:5 to 2-4 

Feet! . ; 4 ¢ 3 L ~ AT 

Copper : ; : > . 4and rigidity 4-6 to 54 
Steel . ‘ * 7 to 16 and rigidity 8*4 


It will be observed that the assumed rigidity 3 is probably a pretty 
high estimate in comparison with that of the materials of which we know 
the superficial strata to be formed. 

It is shown, in another paper read before the Association at this 
meeting, that the rigidity of the earth as a whole is probably as great as 
that of steel. That result is not at all inconsistent with the probability 
of the assumption that the upper strata have only arigidity a little greater 
than that of glass. 


1 Tt has been pointed out to me since this meeting, by Sir William Thomson, that 
this kind of augmentation of apparent tide will only hold true with certain distribu- 
tions of land. 

? Thomson and Tait’s Nat. Phil. § 683. 

* Also published separately by Black, Edinburgh. 
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3. On Gravitational Observatories. 


_ In the preceding sections estimates have been made of the amount 
of distortion which the upper strata of the earth probably undergo, 
from the shifting weights corresponding to barometric and tidal oscil- 
lations. These results appear to me to have an important bearing on the 
probable utility of gravitational observatories. 

It is not probable, at least for many years to come, that the state of 
tidal and barometric pressure, for a radius of 500 miles round any spot 
on the earth’s surface, will be known with sufficient accuracy to make 
even a rough approximation to the slope of the surface a possibility. 
And were these data known, the heterogeneity of geological strata would 
form a serious obstacle to the possibility of carrying out such a computa- 
tion. It would do little in relieving us from these difficulties to place the 
observatory at the bottom of a mine. 

Accordingly the prospect of determining experimentally the lunar 
disturbance of gravity appears exceedingly remote, and I am compelled 
reluctantly to conclude that continuous observations with gravitational 
instruments of very great delicacy are not likely to lead to results of any 
great interest. It appears likely that such an instrument, even in the 
most favourable site, would record incessant variations of which no satis- 
factory account could be given. Although I do not regard it as probable 
that such a delicate instrument should be adopted for regular continuous 
observations, yet, by choosing a site where the flexure of the earth’s 
surface is likely to be great, it is conceivable that a rough estimate might 
be made of the average modulus of elasticity of the upper strata of the 
earth for one or two hundred miles from the surface. 

These conclusions, which I express with much diffidence, are by no 
means adverse to the utility of a coarser gravitational instrument, capable, 
let us say, of recording variations of level amounting to 1” or 2”. If 
barometric pressure, tidal pressure, and the direct action of the sun and 
moon, combined together to make apparent slope in one direction, then 
at an observatory remote from the sea-shore, that slope might perhaps 
amount to a quarter of a second of arc. Such a disturbance of level 
would not be important compared with the minimum deviations which 
could be recorded by the supposed instrument. 

It would then be of much value to obtain continuous systematic 
observations, after the manner of the Italians, of the seismic and slower 
quasi-seismic variations of level. 

I venture to predict that at some future time practical astronomers 
will no longer be content to eliminate variations of level merely by taking 
means of results, but will regard corrections derived from a special in- 
strument as necessary to each astronomical observation. 
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Report of the Convmittee, consisting of Professor Dewar, Dr. 
WituiaMson, Dr. MarsHaLL Warts, Captain ABNry, Mr. STONEY, 
Professor HarTLEy, Professor McLEop, Professor CAREY FOSTER, 
Professor A. K. HuntTINGTON, Professor EMERSON REYNOLDS, Pro- 
fessor REINOLD, Professor LivEmnc, Lord RayLricH, Dr. SCHUSTER, 
and Professor W. CHANDLER Roserts (Secretary), appointed for 
the purpose of reporting wpon the present state of our Know- 
ledge of Spectrum Analysis. 


THe Gevesis or Spectra. By Dr. ScHusTErR. 


Ir is the ambitious object of Spectroscopy to study the vibrations of 
atoms and molecules in order to obtain what information we can on the 
nature of the forces which bind them together. The vibrations we know 
must be of a very complicated nature, yet it is natural that not many 
years after Spectrum Analysis was raised to the rank of a science by the 
labours of Kirchhoff and Bunsen attempts were made to discover a law 
in the apparent irregularity with which different lines of the same element 
are distributed over the spectrum. If an atom can vibrate in more ways 
than one, it is certain that some connection must exist between the 
different periods, and this connection we may attempt to find out by trial. 
Or we may speculate on the causes which produce such vast differences 
in the chemical properties of some of the elements, while other elements 
have properties which resemble each other to an equally marked degree. 
We may be led on by, such speculations to try whether we can trace any 
similarity in the periods of vibration of molecules which have similar 
chemical properties, or we may endeavour to classify the elements accord. 
ing to their spectra, and see whether such a classification would divide 
the elements into groups agreeing with those into which they have been 
divided by means of their chemical and physical behaviour. 

When different elements combine together the vibrations of the com- 
pound molecule are not obtained by the simple addition of the periods of 
the elements. The spectrum of amolecule is entirely distinct from that of 
its elements, and we may well ask the question whether we can trace in 
the spectrum of the compound the influence of the different atoms com- 
posing it. Thus, for instance, we might trace some relationship between 
the spectra of the oxides, bromides, chlorides, or iodides of a metal and 
that of the metal itself, or we may in the absorption spectrum of a salt 
trace one part to the influence of the base, the other to the influence of 
the acid. Such and similar questions have been raised and have been 
partially answered. But we must not too soon expect the discovery of 
any grand and very general law, for the constitution of what we call 
a molecule is no doubt a very complicated one, and the difficulty of the 
problem is so great that were it not for the primary importance of the 
result which we may finally hope to obtain, all but the most sanguine 
might well be discouraged to engage in an inquiry which, even after many 
years of work, may turn out to have been fruitless. We know a great 
deal more about the forces which produce the vibrations of sound than 
about those which produce the vibrations of light. To find out the 
different tunes sent out by a vibrating system is a problem which may or 
may not be solvable in certain special cases, but it would baffle the most 
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skilful mathematician to solve the inverse problem and to find out the 
shape of a bell by means of the sounds which it is capable of sending 
out. And this is the problem which ultimately spectroscopy hopes to 
solve in the case of light. In the meantime we must welcome with delight 
even the smallest step in the desired direction. 

It is the object of the present report to bring together the various 
attempts which have been made to trace a connection either between the 
vibrations of the same body, between those of different compounds of the 
same body, or finally between the vibrations of similarly constituted bodies. 


I. Connection between the different periods of Vibration of one Molecule. 


In some acoustical systems the different periods of vibration are con- 
nected together by means of a very simple law, and it was a natural idea 
to trace the same law if possible in the luminous vibrations of molecules. 
If the law holds good the periods of vibrations or the lengths of the 
waves of light sent out by molecules ought to be in the ratio of small 
integer numbers. The first published attempt to trace such a connec- 
tion is due to Lecoq de Boisbaudran, who investigated the spectrum of 
nitrogen! with special reference to this point. The spectrum in question, 
which is the one appearing at low temperatures, is made up of two sets of 
bands, one reaching from the red into the green, and one reaching from 
the green into the violet. Lecoq de Boisbaudran tried to show that 
each band of the second set had a wave-length which was in the ratio of 
three to four, with a corresponding band of the first set. The author 
had, however, only a one prism spectroscope at his disposal, and the wave- 
lengths as determined by him could not possibly possess that accuracy 
which is necessary for an investigation of this nature. The more accurate 
measurements of Thalén do not bear out Lecoq’s result. Thus, for 
instance, two bands, 5064 and 6752, according to Lecoq, are nearly in the 
required ratio; if the agreement was perfect the latter number ought to 
be 6748; but Thalén, though giving to the green band a number agreeing 
fairly well with Lecoq’s, puts the red band at 6786, differing very con- 
siderably from 6754, the required value, if Thalén’s measurement for 
the green band is used. The other coincidences pointed out by Lecoq 
are similarly disproved by more exact measurements. Inquiries such as 
those attempted by Lecoq can only be conducted with advantage when 
we have measured to the highest degree of accuracy which we can 
obtain in our best instruments, and many of the apparent harmonic ratios 
which at one time were thought to hold good had to give way when sub- 
jected to a severer test. Mr. Johnstone Stoney,? realising this fact, 
has, however, pointed out one set of harmonic ratios which seems to hold 
good to a high degree of accuracy. We know of four hydrogen lines in 
the visible part of the spectrum, and three of these are found to be in the 
ratios of 20: 27:32. The wave-lengths of these lines are amongst 
those best determined by Angstrém, and they were corrected by Mr. 
Stoney for atmospheric refraction. The following table exhibits the very 
remarkable coincidence. 


TaBiE I. 
Observed Wave-length Calculated Values Differences 
h = 4102-37 sy x 131277-14 = 4102-41 A + 0:04 
F = 4862-11 py * 13127714 = 4862°12 . + 0°01 
C = 6563-93 sy x 131277-14 = 6563-86 —- ‘0 


' C. R. \xix. p. 694 (1869). ? Phil, Mag. xli. p. 291 (1871). 
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A few years ago Dr. Huggins succeeded in obtaining photographs of 
ten ultra-violet lines observed in the spectra of stars, which in the visible 
art give chiefly the hydrogen lines. These ultra-violet lines are most 
likely all due to hydrogen, and we know that this is the case with the 
four least refrangible ones. Mr. Johnstone Stoney has pointed out 
several harmonic ratios connecting them together; the hydrogen line Hy 
near G, for instance, has a wave-length which is very nearly in the ratio 
of 35 : 32 with the one which is nearly coincident with the solar line H.! 
Mr. Johnstone Stoney ? has also examined the absorption spectrum of 
chlorochromic anhydride. The bands of that spectrum seem to be dis- 
tributed with remarkable regularity. Mr. Stoney considers them to be 
all harmonics of one fundamental vibration. The measurements do not, 
however, seem to possess that degree of accuracy which is desirable, and 
can be obtained by our present methods. We must, therefore, suspend 
our judgment for the present on the reality of the coincidences pointed 
out by Mr. Stoney. Other writers, as, for instance, Soret,’ have from 
time to time drawn attention to harmonic ratios in various spectra, and 
the author of this report‘ has during the last ten years collected a large 
quantity of material bearing on the question. The results have, on the 
whole, not been favourable to the theory of harmonic ratios. In any 
spectrum containing a large number of lines it is clear that, owing to 
accidental coincidences, we shall always be able to find ratios which agree 
very closely with the ratios of small integer numbers. It is only by 
means of a systematic investigation that we can find out whether these 
coincidences are due to any real cause. We must, by means of the theory 
of probability, calculate the number of the coincidences which we might 
expect to find on the supposition that the lines are distributed at random 
throughout the whole range of the visible spectrum. If on calculating 
out all fractions which can be formed in a spectrum by any pair of lines 
the number of ratios agreeing within certain limits with ratios of integer 
number greatly exceeds the most probable number, we should have reason 
to suppose that the lines are not distributed at random, but that the law 
suggested by Messrs. Lecoq de Boisbaudran and Stoney is a true one. 
The following two tables exhibit the results of an investigation which has 
been conducted on these lines. 


Taste II. 
Number of Mean Value of 

Element Fractions Ratios Eee 
Magnesium... 18 2626 "0229 
Sodium . ; i 3 40 "2399 “0154 
Copper ‘ : : : 101 *2430 “0097 
Barium . : . 3 303 *2592 -0056 
Tron . . 5 3 5 10404 °2513 ‘0010 

Mean . 3 F 10866 “2514 — 


1 A photograph taken by Captain Abney shows conclusively, as has already been 
pointed out by Vogel, that the hydrogen line is a little less refrangible than H, and 
it is very likely coincident with the line 3969? which, according to Young, falls 
within the broad shadow of H, and is always present in the chromosphere. 

2 Phil. Mag. xiii. p, 41 (1871). 2 Phil. Mag. xiii. p. 464 (1871). 

4 Proc. Roy. Soc, xxxi. p. 337 (1881). 
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For the full explanation of Table II. we must refer to the paper 
which has already been quoted. The second column gives the number 
of fractions investigated for each element. The third column gives a 
number which ought to be nearly ‘25 (probably within the limits of the 
values of the fourth column), if the lines are distributed at random and 
decidedly smaller than this number if the law of harmonic ratios is true. 

It will be seen that three out of the five elements considered, 
including the two containing the greatest number of lines, give a mean 
valne greater than °25, and that in the two remaining cases the number, 
though smaller than °25, falls within the limits into which we must 
expect it to fall, on the supposition of a distribution at random. 
Table III. shows the results of a more detailed examination of the iron 
spectrum, over 10,000 fractions having been calculated and compared with 
ratios of integers smaller than 100. In order to calculate the number of 
coincidences which we might expect on the theory of probability, the 
limits had to be fixed within which we may consider a coincidence to 
haye taken place. These limits must of course depend on the accuracy 
which we assign to the measurements of the lines. The results were 
worked out for two different limits, which were + ‘0000505 and + :0000755. 
When, therefore, two lines had periods the ratio of which fell within the 
indicated limits of some ratio of two integer numbers smaller than 100, 
this was called a coincidence. In Table III. the columns headed ‘Observed ’ 
and ‘ Calculated’ give the number of these coincidences as actually found, 
and as calculated from the theory of probability. In the first row all 
fractions were taken into account the denominator of which is smaller 
than 10; in the second row the denominator is between 10 and 20, and so 
on for the other rows. 


Taser IIT. 
Limits, + -0000505 Limits, + :0000755 
Observed Calculated Observed Calculated 

0-10. 3 ; 48 52 64 17 
10-20. 5 F 180 206 250 308 
20-30. A 3 329 363 469 544 
30-40. F 478 521 664 779 
40-50. 5 : 625 679 912 1015 
50-60. ; : T17 837 1163 1251 
60-70. F ; 886 968 1318 1447 
70-80. ; H 924 896 1337 1340 
80-90. ‘ 3 667 629 989 *940 
90-100 5 ; 253 241 393 361 
Total . 3 5167 5392 7559 8062 


The result seems, again, decidedly against the theory of harmonic 
ratios. For all fractions with denominator smaller than 70 the calculated 
coincidences are in excess of the observed ones. There seems, however, 

gto be a greater number of ratios than we should expect which agree 
‘nearly with fractions the denominators of which lie between 70 and 100. 
___ If we compare the results given for the two different limits we find 
that the smaller limit gives results decidedly more favourable to the 
_ theory than the larger ones; and this is an important fact which cannot 
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be left out of account. For the full discussion of it we refer to the 
original paper, and only quote, in conclusion, the summary of results 
obtained :— 

1. There is a real cause acting in a direction opposed to the law of 
harmonic ratios, so far as fractions formed by numbers smaller than 70 
are concerned. 

2. After elimination of the first cause a tendency appears for fractions 
formed by two lines to cluster round harmonic ratios. 

3. Most probably some law hitherto undiscovered exists which in 
special cases resolves itself into the law of harmonic ratios. 

It must be remarked, however, that these conclusions must stand at 
present on the evidence of the iron spectrum alone, and it is not im- 
possible that the regularities which have been discovered are due to 
accident. We can at present only say that the investigation, as far as it 
has gone, seems to point to the above conclusions. 

There is one fact which points very strongly to another yet un- 
discovered law which rules over the distribution of lines in spectra. It is 
often observed that the spectrum of some body contains two or three 
lines in close proximity, forming a characteristic group. Such doublets 
or triplets are often repeated several times in the spectrum; yet, though 
we might expect, if the harmonic law was true, to find some simple rela- 
tions connecting the periods of these sets, such is not the case. The lines 
of sodium, for instance, are all double. In the set of lines given by 
Thalén the components approach each other as we pass to the more 
refrangible end of the spectrum more rapidly than they would if the 
lines were connected by the harmonic law. In the following table the 
wave-length of the least refrangible of each set of sodium lines is given, 
together with the distance of the two components. In addition to the 
pairs observed by Thalén, one pair in the ultra-red, photographed by 
Abney, and one pair in the ultra-violet, photographed by Cornu, are 
given, 


Table IV. 
8199 2 : 12 : : : Abney 
6160-0 "i ; - 5:8 ‘ c : Thalén 
5895:0 : : 5 6 - 4 ; Thalén 
5687-2 5 i 58 F s : Thalén 
51548 . : . 2:3 : : 5 Thalén 
4982-5 5 : . Not resolved . ; F Thalén 
3301°2 4 5 5 0-4 3 i 5 Cornu 


Professors Liveing and Dewar! have observed some additional sets of 
double sodium lines, but the distance between the components of each pair 
does not seem to follow any law. 

The spectrum of potassium as observed by Liveing and Dewar? 
contains, when the metal is heated in the electric arc, five groups of 
lines, each containing four lines. Though, roughly speaking, the lines 
of each set are the nearer together the shorter the wave-length of the 
set, there seems to be no general and well-defined law. 

The most remarkable perhaps of all the groups of lines observed in 
the spectra of metals are the magnesium triplets. The well-known set of 
lines in the green is repeated three times in the ultra-violet; but Table V. 


1 Proc. Roy. Soc, xxiv. p. 398 (1879). 2 Thidem. 


ON OUR KNOWLEDGE OF SPECTRUM ANALYSIS. 125 


shows that the resemblance is only a general one, and that the relative 
distances vary considerably in each set. 


TABLE V. 
Wave-length of least | Distance from first to | Distance from second Gheere 
refrangible line second line to third line Bervyer 
5183-1 10:9 53 Angstrém 
3837°6 6°2 2-4 Cornu 
3334-2 4-2 3-0 . 
3095°6 37 1:9 i} 


It will be noticed that the groups come nearer and nearer together as 
they approach the violet, and that also the lines in each group are the 
closer together the more refrangible the set. Roughly speaking, the 
distance between the first and second line of each set is proportional to 
the square of the wave-length; in order that this relation ought to hold 
rigidly, these distances for the ultra-violet sets ought to be respectively 
7°5, 45, 3:9. Such a relation ought to hold if the lines are successive 
harmonics of one fundamental vibration, according to Stoney’s supposition. 

The fact that successive lines which belong to one vibrating system 
come nearer and nearer together as they approach the violet or ultra- 
violet end of the spectrum seems to be a pretty general one, and is well 
exemplified by the system of hydrogen lines which Huggins found in the 
star spectra. Table VI. gives the wave-lengths of the lines and their 
differences. 


Tasie VI. 
Wave-length Difference 

6561°8 

4860°6 1701-2 
4340°1 502-5 
4101°2 238°9 
3969 132-2 
3887°5 81:5 
3834 53°5 
3795 39 
3767°5 27°5 
3745'5 22 
3730°1 155 
3717°5 12°5 
3707°5 10:0 
3699 85 


Huggins calls the line H¢, a and continues with the alphabet towards the ultra-violet. This designation 
was chosen independently of the fact that the lines probably belonged to hydrogen. As the red hydrogen 
line usually is called Ha, we have continued the same nomenclature towards the ultra-violet. Hence the 
discrepancy with Huggins’ designation. 

It has been pointed out by Johnstone Stoney that the second dif- 
ferences show greater irregularities than can be accounted for by errors 
of observation, and that therefore the system of lines does not altogether 
lie on a smooth curve when plotted down with wave-lengths as ordinates, 
the ordinates lying at equal intervals of each other. Nevertheless the 
fact that these lines approach each other rapidly, making up a fluting 


‘ on a large scale, and that generally characteristic groups when repeated 
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several times come nearer and nearer together towards the ultra-violet, 
while at the same time the members of each group also approach, is very 
suggestive, and promises to furnish a safer basis for future research than 
the hypothesis of harmonic ratios. As another example illustrating the 
same fact, we may mention the absorption spectrum of iodine, where the 
distance of fluted bands of each set decreases with the wave-length. 

There is one more fact which ought to be mentioned. The fluted 
bands in spectra are often at fairly equal intervals from each other, 
but a curious change and transformation seems sometimes to occur. 
Fig. 1 is not intended to represent any particular spectrum, but simply 
to represent this transformation; to the left a series of bands are seen 
which have been denoted by I,, I., &c.; but to the right of I, springs 
up another faint band, I1,, which, being repeated, gradually gains in 
intensity until finally, by the side of II,, the band of the first series is no 
longer visible. 

A third series of bands, III,, III, &c., springs up again to the 
right of the second series, and in its turn overpowers it in intensity. 
Those who are familiar with fluted band spectra will easily call back to 
their minds the single bands like I,, the bands with weak companion 
like I,, or the double and treble bands like I; or Ij. Thalén has 
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pointed out how the absorption spectrum of iodine is composed of several 
such overlapping spectra. The bands in this case shade off towards the 
red, and the additional bands always spring up towards the violet. 
The bands approach each other very rapidly as they approach the violet 
end. The differences between corresponding bands of the second series 
are always smaller than between those of the first series, so that the 
distance between two adjacent bands of the first and second series he- 
comes larger towards the red; the same holds good for the other series. 
Mr. Lockyer has noticed in his photographs of the spectrum, which appears 
in the electric arc and seems to be due to nitrocarbon, that the least re- 
frangible of the ultra-violet bands does not seem to correspond with the 
least refrangible, but with the second band of the violet series, so that here, 
apparently, a similar change has taken place, an additional band having 
sprung up in the least refrangible side. It is much to be desired that 
such changes should be carefully examined in each case, as they may 
lead to most valuable results. 

The tendency to form flutings is very remarkable. We have first the wide 
fluting formed by the hydrogen lines; we have next the narrow flutings 
of band spectra, and this again, as in the case of iodine gas, approaching 
each other indefinitely as they go towards the violet, seems to form a 
fluting of the second order—a fluting of flutings, In the overlapping 
bands of different series we may even recognise perhaps flutings of the 
third order. 
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Il. Relation of the Spectrum of an Element to that of its Compounds. 


There is perhaps no other investigation connected with molecular 
vibrations which is of greater interest than that which tries to trace the 
connection between the spectrum of an element and that of its compounds. 
It was at first considered, as has already been mentioned, that an element 
preserved its spectrum when entering into combination, so that, for 
instance, the oxide of a metal would only show the metallic lines except in 
so far as oxygen lines might be visible. This idea had to be given up, but 
the absorption spectra of fluids were considered at first to be evidence in 
favour of the assumption of permanence of the spectrum of an element 
when combined with others. We owe the first systematic investigation 
on this point to Dr. Gladstone,’ who examined the absorption spectra of 
the solution of salts, each constituent of which was coloured. He came 
to the conclusion that, generally, but not invariably, the following law 
held good: ‘When an acid and a base combine, each of which has a 
different influence on the rays of light, a solution of the resulting salt 
will transmit only those rays which are not absorbed by either, or, in 
other words, which are transmitted by both.’ 

Thus, for instance, chromic acid in solution cuts off the more re- 
frangible half of the spectrum, admitting only the blue rays near F in 
thin solutions; but they transmit the less refrangible half perfectly. 
This characteristic absorption of chromic acid remains when the acid 
is combined with such bodies as copper, nickel, ferric oxide, uranium, 
potash, and chromium; but the salts formed by combination with the 
three first-mentioned bodies show also their own influence when combined 
_ with chromic or other acids by cutting off, as in copper and nickel, part 
of the red end of the spectrum, or extending, as in ferric oxide, the blue 
absorption into the green. The characteristic absorption bands of uranium 
salts are in the blue. As the chromic acid cuts off the blue, chromate of 
uranium will not show the bands, but only a general absorption in their 
stead. The potassium salts are colourless when combined with colourless 
acids, and chromate of potash shows therefore the same spectrum as 
chromic acid. Chromate of chromium forms an exception to the rule, 
for though the absorption peculiar to chromic acid exists, the absorption 
visible in ordinary chromium salts does not appear. Soret? has confirmed 
Dr. Gladstone’s conclusions with regard to the identity of the absorption 
spectra of different chromates. The chromates of sodium, potassium, and 
ammonia, as well as the bichromates of potassium and ammonia, were 
found to give the same absorption spectrum. Nor is the effect of these 

chromates confined to the blocking out simply of one end of the spectrum, 
as in the visible part, but two distinct absorption bands are seen, which 
seem unchanged in position if one of the above-mentioned chromates is re- 
placed by another. These absorption bands show themselves only in weak 
solutions ; the centre of one has a wave-length of about 3610 10-” metres, 
while the other is wider, and reaches from 2950 to 2440 approximately in 
solutions containing about 0:1 grammes to the litre. From 2220 onwards 
the spectrum is completely blocked out. Chromic acid itself showed the 
bands, but less distinctly, and Soret does not consider the purity of the acid 
sufficiently proved to allow him to draw any certain conclusions from this 
observation. 

' Phil Mag. xiv. p. 418 (1857). 

* Bibliotheque Universelle Arch. Sc. Ph, \xi, p. 322 (1878). 
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Erhard! has examined the absorption spectra of some salts in which 
chromium plays the part of a base. It may be said as a general rule that 
these salts absorb the yellow and yellowish-green and also the violet end 
of the spectrum, transmitting the blue; the exact position of the maxi- 
mum of absorption, however, and the intensity of the absorption band, 
varies considerably with different salts, and even for the same salt with 
different temperatures, and the results are complicated by the fact that 
heating the salts produces a permanent alteration in the absorption. The 
insoluble chloride of chromium shows a behaviour differing from that of 
the other chromium salts. It transmits the yellow and more of the violet 
than the other salts. Some of the solid crystals of various chromium 
salts show fine absorption bands in the red which can also be traced in 
some of the solutions. There is therefore a general resemblance in the 
absorption of different chromium salts, but no identity. 

Dr. Gladstone has also examined the effect of chlorine, bromine, 
and iodine when combined with different metals. The bromides of gold, 
platinum, palladium, and potassium give a spectrum which is identical 
with that of bromine water; the same applies to a concentrated solution 
of the bromide of copper, which in addition shows the red absorption 
characteristic of copper. A dilute solution of bromide of copper shows, 
however, no absorption which can be traced to the bromine. Similar 
results were obtained with the chlorides and iodides. In pointing out 
that it is generally though not universally true that a base or an acid 
retains its absorptive properties in different combinations, Dr. Gladstone 
draws attention to the remarkable exception of ferric ferrocyanide, which 
when dissolved in oxalic acid transmits blue rays in great abundance, 
though the same rays are generally absorbed both by ferrocyanides and 
by ferric salts. 

Nitric acid and the nitrates of transparent bases such as potassium, 
sodium, and ammonia show spectra, according to Soret, which are not 
only qualitatively but also quantitatively identical; that is to say, a 
given quantity of nitric acid in solution gives a characteristic absorption 
band of exactly the same width and darkness whether by itself alone 
or combined with a transparent base. It also shows a continuous absorp- 
tion at the most refrangible side, beginning with each of the mentioned 
salts at exactly the same point. The ethereal nitrates,” however, give 
different results. 

Messrs. Hartley and Huntington have by photographic methods 
examined the absorption spectra of a great number of organic compounds. 
As their researches have already been referred to at length in these 
reports,’ by one of the authors, we need at present only mention one or 
two of the results which most interest us from our present point of view. 
The normal alcohols were found to be transparent for the ultra-violet 
rays, the normal fatty acids less so. In both cases an increased number 
of carbon atoms increases the absorption at the most refrangible end. 
The fact that benzene and its derivatives are remarkable for their power- 
ful absorption of the most refrangible rays, and for characteristic ab- 
sorption bands appearing on dilution, led Professor Hartley to a more 
extended examination of some of the more complicated organic substances. 
He came to the conclusion that definite absorption bands are only pro- 


1 Tnaugural Dissertation, Freiburg (without date). 
{ 2 Brit. Ass. Rep. 1880, p. 55. 3 C. &., \xxxix. p. 747. 
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duced by substances in which three pairs of carbon atoms are doubly 
linked together, as in the benzine ring. 

In most of the cases which we have hitherto discussed, the charac- 
teristic absorption of the substance under examination extended over a 
considerable range ; the substance either blocked out altogether a large 
part of the spectrum, or at least showed absorption bands which were 
broad and increased considerably in width with increased concentration. 
When, however, absorption bands become narrower and more definite, 
so that they can be examined under high dispersive powers, their 
behaviour under different circumstances becomes more interesting, for we 
can trace smaller differences and more minute changes. 

It was Bunsen! who first showed that such small changes do occur, 
and he thereby led the way in a line of research which promises to be of 
great importance. While examining the absorption spectra of different 
didymium salts, he found that though all the salts showed spectra so 
nearly identical that with the ordinary one prism spectroscope they could 
easily be mistaken for each other, higher dispersive powers revealed some 
very interesting and characteristic changes. His conclusions are best 
quoted in his own words :— 

‘Very remarkable and noteworthy are the small alterations in position 
which occur in the minima of brightness in the didymium spectrum, 
dependent upon the nature of the compound in which the metal occurs. 
These changes are too minute to be seen with the small, though seen 
with the large instrument. I have as yet only investigated them com- 
pletely in the case of three didymium salts, viz., the chloride, sulphate, 
and acetate. It is, however, more than probable that the same phe- 
nomena will also be found to occur with other solutions, and with the 
absorption spectra of other crystals of didymium salts, and perhaps may 
be exhibited with the luminous spectra of the oxide and other compounds 
of didymium..... The atomic weight of didymium chloride is 95:9, 
and that of the anhydrous acetate is 106-9. It will be noticed that all 
the groups of bands in the case of salts under examination approach 
the red end of the spectrum in the order of their increasing atomic 
weights. 

‘These differences here noticed in the absorption spectra of different 
didymium compounds cannot in our present complete state of ignorance 
of any general theory for the absorption of light in absorptive media be 
connected with other phenomena. They remind one of the slight and 
gradual alterations in pitch which the notes from a vibrating elastic rod 
undergo when the rod is weighted, or of the change of tone which an 
organ-pipe exhibits when the tube is lengthened.’ 

The increased lowering of the vibrations with increasing atomic 
weight of substance combined with the didymium is no doubt very sug- 
gestive, but we cannot at present assign any definite law regulating the 
displacement in different cases. Thus the difference in the wave-length 
between the bands of the chloride and acetate is nearly the same for all 
four bands, but the difference in the wave-length between the bands of 
the chloride and acetate decreases rapidly with decreasing wave-length, 
so that the yellow band is displaced about twice as much as the green 
band, and about three times as much as the bands in the blue. It follows 
from this difference in the behaviour that while the effect of the acetate 
on the yellow band is about seven times as large as that of the sulphate, 

1 Phil. Mag. [4] xxxii. p. 177. 
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the effect is only about twice as large on the blue band. We must refer 
to a note by Messrs. Lawrance Smith and Lecoq de Boisbaudran' for a 
description of the spectrum of the nitrate of didymium and its changes on 
addition of nitric acid. 

Some interesting cases of this shifting of bands in different compounds 
of the same body have been found by Professor Russell,” who has sub- 
jected the cobalt salts to a very careful and most instructive examina- 
tion. ‘The anhydrous bromide of cobalt, for instance, was found to give 
an absorption spectrum strongly similar to that of the chloride, but there 
is a general displacement of all the bands towards the red corresponding 
to the increased atomic weight of bromine. The effect on the most re-. 
frangible band is stronger than that on the other two bands, which is 
contrary to what Bunsen has observed in the case of didymium acetate. 

Captain Abney and Lieutenant-Colonel Festing’s paper* ‘On the 
Influence of the Atomic Grouping in the Molecules of Organic Bodies on 
their Absorption in the Infra-red Region of the Spectrum,’ contains an 
account of investigations undertaken to throw light on the effect of 
chemical combination on molecular vibrations. The importance of the 
results which they have obtained will justify a few verbal quotations. 
They distinguish a general absorption from the least refrangible end, and 
special absorptions which may consist of lines or bands. 

‘Regarding the general absorption we have nothing very noteworthy 
to remark, beyond the fact that, as a rule, in the hydrocarbons of the 
same series those of heavier molecular constitution seem to have less than 
those of lighter.’ 

This effect agrees with the observation made by Professors Hartley 
and Huntington in the ultra-violet in so far as a general shifting of the 
absorption towards the red seems to take place as the number of carbon 
atoms is increased. Such a shifting would increase the general absorption 
in the ultra-violet, as observed by Professors Hartley and Huntington, 
and decrease it in the infra-red, as observed by Captain Abney and Colonel 
Festing. Turning their attention next to the sharply defined lines, our 
authors, by means of a series of systematic experiments, come to the 
conclusion that these must be due to the hydrogen atoms in the molecule. 

‘A crucial test was to observe spectra containing hydrogen and 
chlorine, hydrogen and oxygen, and hydrogen and nitrogen. 

‘We therefore tried hydrochloric acid and obtained a spectrum con- 
taining some few lines. Water gave lines, together with bands, two lines 
being coincident with those in the spectrum of hydrochloric acid. 

‘In ammonia, nitric acid, and sulphuric acid we also obtained sharply- 
marked lines, coincidences in the different spectra being observed, and 
nearly every line mapped found its analogue in the chloroform spectrum, 
and usually in that of ethyl iodide. Benzene again gave a spectrum 
consisting principally of lines, and these were coincident with some lines 
also to be found in chloroform. It seems then that the hydrogen, which 
is common to all these different compounds, must be the cause of the 
linear spectrum. In what manner the hydrogen annihilates the waves of 
radiation at these particular points is a question which is at present, at 
all events, an open one, but that the linear absorptions, common to the 
hydrocarbons and to those bodies in which hydrogen is in combination 


1 @, R. \xxxviii. p, 1167 (1879). 2 Proc. Roy. Soc. xxxii, p. 268 (1881). 
8 Phil. Trans. p. 887 (1881, ili.). 
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with other elements such as oxygen and nitrogen, is due to hydrogen, 
there can be no manner of doubt.’ 


‘The next point that required solution was the effect of the presence 
of oxygen on the body under examination, and here we had ample material 
on which to make our observations. It appears that in every case where 
oxygen is present, otherwise than as a part of the radical, it is attached to 
some hydrogen atom in such a way thatit obliterates the radiation between 
two of the lines which are due to that hydrogen.’ .. . ‘If more than 
one hydroxyl group be present, we doubt if any direct effect is produced 
beyond that produced by one hydroxyl group, except a possibly greater 
general absorption; a good example of this will be found in cinnamic 
alcohol and phenyl-propyl alcohol, which give the same spectra as far as 
the special absorptions are concerned. . . . 

‘ Hitherto we have only taken into account oxygen which is not con- 
tained in the radical; when it is so contained it appears to act differently, 
always supposing hydrogen to be present as well. We need only refer to 
the spectrum of aldehyde, which is inclined to be linear rather than 
banded, or rather the bands are bounded by absolute lines, and are more 
defined than when oxygen is more loosely bonded.’ 

Perhaps the most interesting passage is that which refers to the 
detection of the radical, and we therefore quote it in full. 

‘An inspection of our maps will show thatthe radical of a body is 
represented by certain well-marked bands, some differing in position 
according as itis bonded with hydrogen, or a halogen, or with carbon, 
oxygen, or nitrogen. There seem to be characteristic bands, however, of 
any one series of radicals between 1000 and about 1100, which would 
indicate what may be called the central hydrocarbon group, to which 
other radicals may be bonded. 

‘The clue to the composition of a body, however, would seem to lie 
between A700 and (1000. Certain radicals have a distinctive absorption 
about A 700 together with others about \ 900, and if the first be visible 
it almost follows that the distinctive mark of the radical with which it is 
connected will be found. Thus in the ethyl series we find an absorption 
at 740, and a characteristic band, one edge of which is at 892, and the 
other at 920. If we find a body containing the 740 absorption and a 
band with the most refrangible edge commencing at 892, or with the 
least refrangible edge terminating at 920, we may be pretty sure that 
we have an ethyl radical present. So with any of the aromatic group ; 
the crucial line is at 867. If that line be connected with a band we 
may feel certain that some derivative of benzine is present. The benzyl 
group show this remarkably well, since we see that phenyl is present, as 
is also methyl. It will be advantageous if the spectra of ammonia, 
benzine, aniline, and dimethyl] aniline be compared, when the remarkable 
coincidences will at once become apparent, as also the different weighting 
of the molecule. The spectrum of nitro-benzine is also worth comparing 
with benzine and nitric acid. We should have liked to have said more 
regarding the detection of the different radicals, but it might seem pre- 
sumptuous.on our part to lay down any general law on the results of the 
comparatively few compounds which we have examined. In our own minds 
there lingers no doubt as to the easy detection of any radical which we 
have examined, but it will require more energy and ability than we possess 
to thoroughly classify all the different modifications which may arise. 
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‘We may say, however, it seems highly probable by this delicate 
mode of analysis that the hypothetical position of any hydrogen which is 
replaced may be identified, a point which is of prime importance in 
organic chemistry. 

‘ The detection of the presence of chlorine or bromine or iodine in a 
compound is at present undecided, and it may well be that we may have 
to look for its effects in a different part of the spectrum. The only trace 
we can find at present is in ethyl bromide, in which the radical band 
about 900 is curtailed in one wing. The difference between amy] iodide 
and amyl bromide is not sufficiently marked to be of any value.’ 

If we compare the results obtained by Captain Abney and Colonel 
Festing with those arrived at by Professor Russell and others in the 
visible part of the spectrum, we are struck with the great persistency of 
these infra-red bands and lines. Spectra of different compounds of the 
same body may resemble each other in the visible part, but wherever the 
absorption band or line was sufficiently narrow to be looked at under high 
dispersion some difference made itself apparent, like the one discovered 
by Bunsen in the case of didymium compounds. These differences are 
generally sufficiently large to be noticed even with one prism when proper 
care is taken. It would seem very remarkable if atoms could enter into 
combination with their vibrations unchanged by the chemical force; though, 
of course, the change may be more apparent in some parts of the spectrum 
than in others. Whether the infra-red bands are not affected at all, or 
whether only the change is so small that it has not as yet been dis- 
covered, is an open question. Our prismatic methods would, of course, 
discover more easily a shift in the visible part than in the infra-red, but 
Captain Abney and Colonel Festing used three prisms, and there can be 
no doubt that if the displacements had been of the same order of magni- 
tude as they are with the didymium, and especially the cobalt salts, they 
could not have escaped detection. 

Alexr. Mitscherlich! was the first to prove that compound bodies, 
when luminous, have a spectrum of their own, and do not simply show the 
supposed spectra of the elements. He followed up this important dis- 
covery by investigating the spectra of different compounds of the same 
metal, and he could not fail to be struck with the similarity which such 
spectra often present. 

Many, for instance, will instantly recognise the spectrum of the oxide 
or chloride of calcium as that of a calcium compound, without being even 
aware that these spectra present certain well-marked differences. Com- 
paring together the spectra of the fluoride, chloride, bromide, and iodide 
of barium, as they appear on Mitscherlich’s map, we detect at once a 
strong similarity ; we seem to have one spectrum shifted towards the red 
with increasing atomic weight of the metalloid. At the same time the 
least refracted bands seem to be most affected and, as a consequence, the 
bands appear nearest together in the fluoride and farthest apart in the 
iodide. In the calcium and strontium salts we notice the same increase 
of wave-length in corresponding bands with increasing atomic weight, 
but with these two metals the most refracted bands are most affected, so 
that the bands are the nearer together tke higher the atomic weight. 
Mitscherlich tried to find a numerical expression for these relations, and 
he expresses the law which, according to his observation, represents the 
facts, in the following way :— 

1 Pogg. Ann. cxvi. p. 499. 
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‘It follows that in the haloid compounds of barium (excepting the 
fluoride) the distance between corresponding spectral lines is directly 
proportional to the atomic weight, and that in the haloid compounds of 
calcium and strontium (excepting again the fluoride) these distances are 
inversely proportional to the atomic weights. Further, that there is such 
a point in the spectrum of each metal that the bands keep their relative 
distances from it in the different compounds. Here also we must except 
the fluorides.’ 

Mitscherlich’s measurements were not sufficiently accurate to prove 
his statement satisfactorily, but we can easily test it by means of the 
more exact measurements of Lecoq de Boisbaudran, who has carefully 
mapped the spectra of the chloride, bromide, and iodide of barium. A 
glance at Fig. 2, which represents these spectra according to Lecoq’s 
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measurements will show their similarity. In Table VII. the first column 
gives the wave-length of the bands seen in the spectrum of the barium 
chloride. The strongest band is denoted by a, and the order of the 
Greek letters gives the order of the intensity. In the second column a 
comparison is given between the observed wave-lengths of the spectrum 
of barium bromide, and the same wave-lengths calculated on Mitscher- 
lich’s supposition that the distance between the lines is proportional to 
the atomic weight of the compound, The band «a is taken as starting 
point. The third column gives the calculated value for the band £ of 
barium iodide, which compound only shows a and #. 


Taste VII. 


Barium Chloride Barium Bromide Barium Iodide | 
Observed Calculated Observed Calculated Observed 
y 5313 5459 5410 
a 5242 5358 5607 
5, 5205 5303 5304 
6, 5171 5257 5249 
B 5136 5207 ‘ 5206 5408 5376 
€ 


5064 5105 5149 | 


It will be seen that for the four central bands of barium bromide the 
agreement seems good, but the two outer bands do not follow the rule, 
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for the distance between a and y and between / and « is actually larger 
in the chloride than in the bromide, contrary to what holds for the re- 
maining bands. In the case of barium iodide, Mitscherlich’s rule cannot 
be said to hold. 

A more satisfactory agreement could be obtained if the distances 
between the corresponding bands were made to depend, not on the 
atomic weights of the compound, but on the atomic weights of the 
metalloid in the compound ; but no object is gained at present by giving 
such rules before sufficient material has been accumulated to prove or 
disprove them. The second part of Mitscherlich’s rule, which regulates 
the displacement of the bands in the different compounds, does not stand 
very well when tested by Lecoq’s measurements; the band of barium 
iodide, for instance, ought, according to it, to beat 5356 instead of 5376. 

We ought to inquire whether a connection can be traced between the 
lines of a metal and that of one of its compounds. It would be possible, 
for instance, that the oxide should show its bands chiefly at such places 
at which we find lines in the metallic spectrum, and such a rule might 
be suggested by the examination of the calcium spectrum, which shows a 
characteristie group of lines exactly at the place which is filled by the 
green band of the oxide. No general rule can, however, be given, and in 
some cases even the metallic spectrum seems particularly free of lines in or 
about the place in which we find the oxide bands. There is at present no 
hope whatever of directly connecting the spectrum of a metal and that of 
its compounds, though, as was seen, we may hope to gain an insight into 
the relations of the spectra of such similar compounds as the chlorides, 
bromides, and iodides, which may be supposed to have a similar con- 
stitution. 

Some very interesting changes have been noticed in the position of 
absorption bands when certain colouring matters are dissolved in different 
liquids. We mention the names only of Hagenbach, Kraus, and Kundt 
as having studied the question in particular cases. Two papers by 
Kundt! and Claes? contain all that is known at present on the subject, 
and it will be sufficient therefore to consider them only. Kundt 
examined the position of the absorption bands of chlorophyll, anilingreen, 
cyanin, fuchsin, chinizarin, and of the colouring matter of the yolk of 
egg when dissolved in a number of liquids. His results are given in 
Table VIII., which is taken out of his paper. The solvents are arranged 
in each column in such order that with the one first on the list the 
absorption band is seen most towards the blue, while the one which 
appears last displaces the band most towards the red. 

In the dissertation published by Dr. Claes we must carefully dis- 
tinguish the experimental from the theoretical part. We have at present 
no reason to doubt the accuracy of his experimental work, and as he 
used solvents and liquids partly different from those employed by Pro- 
fessor Kundt, we give his results in Table IX. arranged in the same way 
as Table VIII. We give the results for chlorophyll in two columns; one 
refers to the absorption band in the red, the second to the absorption 
bands in the green. Magdala red shows different absorption bands in 
two different sets of solutions, and two columns are therefore also 
necessary. The results obtained with different didymium compounds are 
not tabulated, as they are partly due to a different order of phenomena. 


1 Wied. Ann. iv. p. 34 (1878). 2 Wied. Ann. iii. p. 389 (1878). 
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Taste VIII. 


Chlorophyll | Anilingreen Cyanin Fuchsin Chinizarin Yolk of egg 
Ether Methyl-alco- | Methyl-alco- | Water Methyl-alco- | Methyl-alco- 
hol hol hol hol 
Aceton Aceton Aceton Methyl-alco- } Aceton Aceton 
hol 
Alcohol Alcohol Alcohol Aceton Ether Ether 
Amyl-alcohol) Ether Ether Alcohol Alcohol Alcohol 
Chloroform | Chloroform | Amyl-alcohol] Ether Amyl-alcohol| Amyl-alcohol 
Benzine Amyl-alcohol} Ligroin Chloroform | Chloroform | Ligroin 
Oil of Cassia | Ligroin Chloroform | Amyl-alcohol| Toluol Chloroform 
Bisulphide | Toluol Toluol Ligroin Benzine Toluol 
of carbon 
Benzine Benzine Benzine Oil of cassia | Benzine 
Oil of cassia | Oil of cassia | Toluol Bisulphide | Oil of cassia 
of carbon 
Bisulphide | Bisulphide | Oil of cassia Bisulphide of 
of carbon of carbon carbon 
Bisulphide 
of carbon 


In a preliminary examination,! Professor Kundt had come to the 
conclusion that solvents displaced absorption bands towards the red in 
the order of their dispersive powers. A look at Table VIII. will show 
that no absolute rule, however, can be given, for the order of the solvents 


TasLe IX. 


Chlorophyll Magdala red 
Cyanin |Chinizarin| Fuchsin Eosin 
I. Il. I. If. 


Ether Ether Alcohol | Alcohol | Water Water Nitroben-| Benzine 


zine 
Alcohol | Alcohol | Ether Ether Alcohol | Alcohol | Alcohol | Bisul- 
phide of 
carbon 
Nitroben-| Benzine | Benzine | Turpen- | Nitroben-| Turpen- | Turpen- 
zine tine zine tine tine 
Benzine | Nitroben-} Nitroben-| Benzine Bisul- . 
zine zine phide of 
carbon 
Turpen- | Turpen- | Bisul- Nitroben- Nitroben- 
tine tine phide of} zine zine 
carbon 
Bisul- Bisul- Bisul- 
phide of| phide of phide of 
carbon carbon carbon 


is different for different colouring matters, At the same time it is cer- 
tainly remarkable that the liquids of high dispersive powers always 
stand at the bottom of the list, while those of low dispersive powers 
stand high up. Professor Kundt therefore now replaces his old conclusion 
by theless definite rule that ‘ When a colourless solvent has a considerably 
larger dispersive power than another the absorption band of a colouring 


1 Poggendorff, Jubelband. 
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matter dissolved in it is placed more towards the red.’ He divides the 
solvents into four groups. While the order of the liquids within each 
group may change, the second group will always displace the absorption 
band more towards the red than the first, the third more than the 
second, and the fourth more than the third. Dr. Claes, who also remarks 
that the order of the solvents is not strictly that of their dispersive 
powers, suggests a formula which shall correctly represent the position 
of the absorption bands in different liquids. If) is the wave-length of 
the centre of an absorption band, his equation, when freed from the 
sheltering confusion of ornamental variables, rans thus— 


ss B 
OE gate o eT (1) 


In this equation } represents the dispersive constant of the liquid; 
that is to say, the factor of the inverse square of the wave-length in the 
series which gives the refractive index as a function of the wave-length ; 
and a, ( are two constants which, according to Dr. Claes, have to be deter- 
mined for each absorption band by means of its position in different 
liquids. Now to ordinary minds the above equation seems simply a 
restricted case of Kundt’s original law that the wave-length increases 
with the dispersive power, for we can solve for \?—b, and this quantity 
must therefore be a constant, which, on the face of it, it is not, as Dr. Claes 
himself takes some pains to prove. Yet our author shows how the same 
law in its new shape can with astonishing accuracy explain facts which to 
most minds show no regularity at all. As it isa point of some importance 
to possess a method of calculation which shall give such small differences 
between observed and calculated values as those obtained by Dr. Claes, we 
may take the trouble to point it out, especially as he might have still 
further reduced these differences had he been more careful in his calcula- 
tions with the two last decimal places. The secret consists in substituting 
in the expression on the right-hand side the observed values of \ and then 
calculating the \ on the left side. The differences between these two 
values Dr. Claes calls the differences between the observed and calculated 
values of X. It is easy to see how this plan works. Write A for \?7—8, 
and call the values which A takes in the two special cases L, and L,; 
then in the way suggested by the author a and #3 have to be determined in 
ee of L, and Ly, and by substituting these values equation (1) 

ecomes 


Wig siggy, =n a RR 60 (2) 
A 
If we write L, + d for the observed value of A we get 
L,L d.L 
Aca L — at Aza oees 2 
goer L,+d~ L,+d 


But the difference between A — L, andd being the so-called difference 
d(L, — Ly) — @ 

L,+d ; 
As the total displacement L,—L, between any two bands is small, as well 
as d, this quantity is small compared to d. In other words, as long as 
A, L, and L, differ by small quantities, equation (2) must necessarily be true 
to quantities of the same order of magnitude, and any discrepancy must 


between the observed and calculated value becomes 
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be of the second order of magnitude. It is needless to enter further into 
the matter, but it is easily seen how fictitious the whole investigation of 
Dr. Claes now becomes. 

Returning for a moment to the general law discovered by Kundt, that 
the displacement of bands depends to a greater extent on the dispersive 
power of the solvent than on any other of its properties, we may, perhaps, 
suggest the way in which such a result might be brought about. The 
refractive index of a liquid does not seem to be directly connected with 
the vibrations of its molecules, for we speak of the refractive index of 
waves which are infinitely long, and connect it with the inductive capacity 
which has nothing te do with vibrations. It is otherwise with the dis- 
persion ; we know that the very colouring matters which are most sensi- 
tive as far as the displacement of bands is concerned, show the so-called 
anomalous dispersion, which only means that the nearness of an absorp- 
tion band causes an abnormally great dispersion at that point. If we are 
allowed to reason backwards and connect a great dispersive power at one 
place with a great coefficient of absorption at some point which is not too 
far removed, we might easily understand how these vibrations would in 
their turn affect the vibrations of the colouring matter and change their 
period. For it is a perfectly general rule that any spectroscopic dis- 
turbance, such as the widening of bands or appearance of high tempera- 
ture lines, is more easily produced by molecules which vibrate in similar 
periods than by others,! and a solvent the molecules of which can vibrate 
in similar periods to that of the colouring matter will, no doubt, produce 
a displacement of bands towards the less refrangible regions. It is true 
that the high dispersion of sore liquids—such as carbon bisulphide— 
has not been traced to the influence of any specific absorption, but even 
if, as is very likely, the above explanation is not strictly correct, we seem 
to have in the vibrations of the solvent a connecting link between the dis- 
persion of a liquid and the displacement of bands which it is capable of 
producing. On the other hand it is easy to see why no perfectly general 
rule can be given; for the influence of the solvent will not only depend 
on the vibration of its molecules but also on the closeness of the connec- 
tion between them and the molecules of the colouring matter. If there 
is any great affinity between the solvent and the colouring matter we 
should expect a great influence, and if the two bodies simply mix without 
troubling much about each other we should have no displacement at all, 
or only a very small one. The displacement of bands according to this 
view is due then, in the first instance, to the closeness of the chemical 
relation between solvent and colouring matter; and, secondly, to the 
similarity of their vibrations. If the dispersive power of a liquid enters 
into the question it can only be owing to the fact that the vibrations of 
the luminiferous medium and those of the colouring matter are similarly 
affected by the periods in which the molecules of the solvent are capable 
of vibrating, 

It is proved by some experiments made by Professor Russell? that 
the shifting of bands can also be produced by solution in a solid body. 
Professor Russell has proved that when chloride of cobalt is fused together 
with potassic chloride it gives a certain absorption spectrum, which may 
be obtained with small displacements of bands when the potassic chloride 

1 Gf. a passage in a lecture by the author of this report before the Royal 


Institution. 
2 Proc. Roy. Soc, xxxii. p. 258 (1881). 
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is replaced by the chlorides of sodium, ammonia, or zinc. The bands 
are nearest the red with potassic chloride, and nearest the blue with zinc 
chloride. 

Before leaving this part of the report, we may just refer to some 
experiments made by Professor Melde! to decide the question whether two 
coloured liquids have the positions of their absorption bands altered when 
mixed together. He found indeed that such an effect could be observed, 
but all his experiments admit of an obvious explanation. To take an 
ideal case, suppose in Fig. 3 the absorption of a liquid for different waves 
of light to be graphically represented by the curve AaB, with a maximum 
at a, and suppose this liquid to be mixed with another whose curve of 
absorption is represented by CD, the simple addition of the two curves 
will produce a third curve CA!) D with a maximum at 6. This maximum 
is obviously not in the same position as before, but takes place at a wave- 
length at which the two tangents to the two original curves are inclined 
equally but in opposite directions. All the somewhat complicated rules 
deduced by Professor Melde are easily explained in this way, and he 
would have observed exactly the same phenomena if he had put his two 
liquids in front of each other instead of mixing them together. 


Fig. 3, 


III. Relations of the Spectra of different Elements. 


Various efforts have been made to connect together the spectra of 
different elements. The attempts in this direction generally assume that 
certain lines in one spectrum correspond to certain lines in another 
spectrum, and the question is raised whether the atom with the higher 
atomic weight has its corresponding lines more or less refrangible. In 
the opinion of the writer of this report no definite judgment can as yet 
be given as to the success of these efforts; some of the relations traced 
no doubt are interesting and deserve further attention, but most of them 
are far-fetched, and will very probably be proved to have no foundation 
in fact. Lecoq de Boisbaudran*® has led the way in these speculations, 
and some of the similarities in different spectra pointed out by him are 
certainly of value. But whether his conclusion, that ‘the spectra of 
the alkalies and alkaline earths, when classed according to their refran- 
gibilities, are placed as their chemical properties in the order of their 
atomic weights,’ will stand the test of further research, remains to be 
seen. Lecoq begins by comparing together the spectra of potassium 
and rubidium, as well as those of calcium, strontium, and barium. The 
spectrum both of potassium and rubidium begins, when heated up in the 
Bunsen burner, with two red lines; then follow, in the case of potassium, 


1 Pogg. cxxiv. p. 91 (1865), and exxvi. p. 264. 2 C. R. \xix. pp. 445, 606, 657. 
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a group of three yellow rays, four green bands, and a line in the yellowish- 
green (only visible in the spark). In the case of ruhidium these are 
replaced by a group of four red rays and four double lines in the yellow 
and green. The spectrum of potassium ends with a violet line, since 
proved to be double, and the spectrum of rubidium, as is known, also 
ends with two violet lines. If we form the ratio of the wave-length of 
the centre of each of the five intermediate groups in rubidium to those 
of the corresponding group in the potassium spectrum, we obtain the 
numbers 1°064, 1:065, 1:056, 1:058, 1:063, which numbers are approxi- 
mately constant. The ratio of the middle of the two red rubidium lines 
to the middle of the two red potassium lines is 1:022, and the correspond- 
ing ratio of the violet lines is 1:04. If we accept the fact of corre- 
spondence of these lines we see that the atom with the higher atomic 
weight vibrates more slowly. The weak point of the comparison consists 
at present in the uncertainty as to which of all these lines and bands 
belong to the metal and which to the oxide. We could not of course 
attempt any correspondence between lines of the oxide of one metal and 
the lines of the other metal itself. Similar relations exist, according to 
Lecoq, between the two spectra we have discussed and that of calcium. 
The two blue calcium lines concluding the spectrum are again less 
refrangible than the two corresponding rubidium lines, and at the same 
time they are wider apart. There is, therefore, a progressive change, as 
pointed out by Lecogq, in the behaviour of these blue and violet lines, 
which in every case are truly metallic. In potassium they are very close 
together and in the violet; in rubidium they are wider apart and less 
refrangible, though still in the violet; in calcium they are still wider 
apart, and in the blue. If we connect this fact with the similar change 
which, as we have pointed out, sometimes occurs in one and the same 
spectrum, where double and triple lines go closer and closer together as 
they approach the violet, we seem certainly to have a suggestive analogy 
which may serve as the basis for further inquiries. 

We shall only follow Lecoq into his comparison between the spectra 
of the chlorides of the alkaline earths, as his comparison of the metallic 
and oxide lines seems to be uncertain. 

Both the spectrum of the chloride of calcium and that of. strontium 
consists of five bands. The differences between the bands of the chloride 
of calcium gradually decrease; they become more refrangible; and the 
same holds for the four least refrangible bands of the spectrum of 
strontium chloride. Forming the proportion between the wave-lengths of 
corresponding bands we find that the ratios of the bands of strontium 
chloride to those of the calcium salt are 1:063, 1:065, 1:066, 1:070, 1-071, 
and these ratios are seen to increase gradually with the decrease of wave- 
lengths. The salt with the higher atomic weight vibrates, again, more 
slowly. The spectrum of barium chloride resembles in its general 
arrangement that of the strontium salt, but it has six bands instead of 
five, the central band being apparently broken up into two. Other dis- 
crepancies are noticed on further inspection, and the barium bands, con- 
trary to the rule given by Lecoq, are more refrangible than those of the 
lighter metals. Lecoq gets out of the difficulty by supposing that the 
barium chloride spectrum which we observe is not the one corresponding 
to that of the strontium and calcium chloride, but that it is its higher 
harmonic, and that we are to look in the ultra-red for the true corre- 
spondence in the barium spectrum. This explanation may be correct, and 
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now that, thanks to Captain Abney, we may photograph in the ultra-red, 
we may test its truth; but we must observe that, if we once allow our- 
selves to take these harmonics to aid, we may arrange all our spectra 
in any order we like, for we necd only assume that those which do not 
fit are higher or lower harmonics of the true spectrum. As they stand 
the spectra of the chlorides of barium, strontium, and calcium, though 
showing certain characteristic analogies, do not bear out Lecoq’s theory. 

Ditte! has tried to find an analogy between the spectra of sulphur, 
selenium, and tellurium, and to establish that the spectrum is displaced 
towards the blue as we go from the metalloid to the metal, that is to say, 
from the lighter to the heavier element. An inspection of the spectra in 
question has not led the author of this report to confirm this statement. 
The spectrum of selenium seems more contracted than the spectrum of 
sulphur, but we cannot recognise clearly any displacement towards the 
red or towards the blue. The spectrum of tellurium seems, if anything, 
more to the red than that of the other two metals. 

Messrs. Troost and Hautefeuille? have compared the spectra of 
carbon, boron, silicium, titanium, and zirconium, and they also come 
to the conclusion that from the metalloid to the metal the spectrum seems 
progressively to move towards the blue. 

As far as the first three bodies are concerned the relation seems, at 
first sight at any rate, to have some foundation, for we have here to deal 
with three spectra which, on the whole, resemble each other in appear- 
ance, and which seem to be displaced according to the suggested law. 

Ciamician * has compared together the spectra of chlorine, bromine, 
and iodine. His experiments seem well conducted, and we therefore give 
his conclusions, reserving, however, every opinion as to the degree of 
certainty with which they have been established. It requires a much 
more careful experimental examination than even Ciamician has given 
to them to arrive at any proof of the reality of these analogies. The 
spectra in question are so variable with density and temperature that we 
cannot at present say whether we have to deal with a superposition of 
different spectra or simply a variation of relative intensity due to tem- 
perature. Some of Ciamician’s analogies do not seem, certainly, to be 
very apparent, but the following conclusion is entitled to a place in this 
report :— 

‘The spectrum of vapour of bromine at low pressures becomes the 
more nearly like that of chlorine the smaller the pressure, while the 
spectrum of condensed bromine more nearly resembles the spectrum of 
iodine. Iodine, on the other hand, gives a spectrum resembling that of 
bromine at moderate pressures only; at very low pressures an analogy 
with the chlorine spectrum takes preponderance over that with the 
bromine spectrum. The spectrum of highly condensed iodine vapour 
cannot well be compared with that of the other two bodies. Chlorine, 
when it is highly condensed, gives a spectrum resembling that of bromine 
at large pressures and of iodine at moderate pressures; while at low 
pressures the spectrum of chlorine has no analogy to that of the other 
two elements. 

‘If we collect together for each body all the lines which appear 
separately under different circumstances, we can establish a complete 
correspondence between the lines of the three complete spectra.’ 

 C. R. lxxii. p. 622 (1871). 2 C. R, \xxii. p. 620 (1871). 

* Wien. Ber. \xxviii. (1878). 
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The complete spectrum of iodine is placed most towards the blue, 
that of chlorine is placed most towards the red end of the spectrum. 

In a subsequent paper Ciamician deals further, and we believe more 
successfully, with the question. He begins by examining the spectra of 
the carbon compounds. The spectrum of cyanogen consists of two sets 
of bands, one in the red and one in the blue; the bands in the red 
resemble the nitrogen bands, the bands in the blue resemble the carbon 
bands (candle spectrum). Ciamician therefore suggests that the bands 
in the red are due to the nitrogen atoms in the cyanogen molecules, while 
the bands in the blue are due to the carbon within the same molecule. 
There can be no doubt as to the correctness of the resemblance pointed 
out by Ciamician, and the only argument which can be urged against his 
conclusion is the uncertainty that both sets of bands belong to the same 
compound of carbon and nitrogen. There are some reasons for supposing 
that they are not; but as yet this is an open question. The spectrum of 
carbonic oxide is very similar to that of the carbon (candle spectrum), as 
has often been shown. 

Ciamician makes a bold use of the division of the cyanogen spectrum 
into two halves, which, as just pointed out, resemble the spectra of nitro- 
gen and carbon respectively. For he thinks that we can divide the 
spectra of some of the elements similarly into two parts, one part re- 
sembling the spectrum of one, the other part resembling the spectrum of 
a second etement, and this division he suggests may be due to the fact 
that such an element is really a compound body, which is composed of 
the two elements to whose spectrum its own 1s analogous. The high 
temperature spectrum of silicium consists of a series of lines. The most 
refrangible half of the lines certainly resembles in its general arrange- 
ment to a marked degree the lines of carbon. The less refrangible lines 
Ciamician believes to resemble some of the oxygen lines, but this analogy 
does not appear very strikingly in the map which accompanies his paper. 
Silicium at low temperatures shows bands which, as pointed out by 
Messrs. Troost and Hautefeuille are very much like the carbon bands. 
Ciamician has also for the first time succeeded in obtaining two 
spectra of boron. Both the band and the line spectrum show a striking 
resemblance to the carbon spectra. The line spectrum of aluminium 
resembles in its most refrangible half also that of carbon, while its less 
refrangible half resembles the less refrangible half of silicitum. The com- 
plete similarity of the spectra of aluminium and silicium, and that likeness 
of their most refrangible parts with the complete spectra of carbon and 
boron is the most striking analogy which has as yet been pointed out; 
but it ought perhaps to be added that Ciamician’s drawing of the boron 
spectrum does not altogether tally with the account given by Messrs. 
Troost and Hautefeuille. The line spectrum of magnesium also shows a 
likeness to the line spectrum of carbon; and the carbon bands (candle 
spectrum) resemble certain bands seen in the spectrum of magnesium 
under certain circumstances, which according to Liveing and Dewar 
always involve the presence of hydrogen.! 


1 An example may here be given as to the misunderstandings which may arise 
owing to the confusion which reigns at present in spectroscopic nomenclature. 
Messrs. Dewar and Liveing have pointed out the resemblance of the hydrocarbon 
spectrum and the hydrogen-magnesium spectrum (Proc. Roy. Soc. xxx. p. 161, 1880). 
Ciamician writes that he also discovered the resemblance; but what Ciamician calls 
the hydrocarbon spectrum is an altogether different spectrum, presenting no resem- 
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The likeness of the spectra of calcium and strontium to the spectrum 
of magnesium is not so apparent, but Ciamician traces it in taking account 
only of the low temperature lines of strontium and calcium. The complete 
spectra of calcium, strontium, and barium are also homologous according 
to Ciamician—that is to say, we can find in each spectrum groups of lines 
corresponding to each group in the other two spectra. But the comparison 
seems less certain, for in spectra having such a large number of lines a 
little ingenuity will always discover certain likenesses. We do not mean 
to imply that the resemblances pointed out by Ciamician are imaginary, 
but only that spectra containing many lines ought not to be taken as tests. 
The same remarks apply to the remaining groups of elements studied by 
Ciamician, and we therefore only give his conclusions. 

1. The spectra of oxygen, sulphur, selenium, and tellurium are homo- 
logous. Corresponding groups are displaced towards the violet with 
increasing atomic weight. (This last statement seems disproved by 
Ciamician’s own drawing in the case of tellurium, for out of 13 groups 
of lines, the 10 last ones are displaced towards the red.) 

2. The spectra of phosphorus, arsenic, and antimony are homologous. 

3. The more refrangible parts of the spectra of the nitrogen group are 
homologous to the more refrangible parts both of the oxygen and of the 
chlorine group. 

4, The less refrangible parts of the spectra of the oxygen group are 
homologous to the less refrangible parts of the spectrum of the calcium 

roup. 
a The conclusion which Ciamician draws from these facts as to the con- 
stitution of the various elements and the probability of their ultimate 
decomposition lie, fortunately, outside the range of the present report. 

We add to the various facts already mentioned the great similarity 
of the spectra of zinc and cadmium, which has often struck spectro- 
scopists. 

Professors Liveing and Dewar! have drawn attention to certain re- 
lations of wave-lengths which recur in the spectra of lithium, magnesium, 
and of some lines which are often observed in the spectrum of the chromo- 
sphere; they draw from this fact the probable conclusion that these 
chromospheric lines all belong to the same substance. We mention this 
fact, as it is one of the first attempts to use the similarity of spectra as a 
foundation for further conclusions ; but we doubt whether many of those 
conversant with solar matters will agree with Professors Liveing and 
Dewar. The way in which these different lines appear on different 
occasions seems to suggest very strongly, if not to prove absolutely, that 
the celebrated green line of the corona belongs to a different element to 
that which gives rise to the other chromospheric lines. There is even 
a different behaviour apparent between the yellow and blue line referred 


blance whatever to the spectrum which Messrs. Dewar and Liveing call the spectrum 
of hydrocarbons; and the spectrum which Messrs. Dewar and Liveing call the 
hydrogen-magnesium spectrum is the spectrum which Ciamician calls the band- 
spectrum of magnesium ; sothat when Ciamician writes that the spectrum of hydrogen- 
magnesium resembles the spectrum of hydrocarbon, he really makes an altogether 
different and independent statement when Messrs. Liveing and Dewar make the same 
remark. But Ciamician quite agrees as to the resemblance pointed out by Messrs. 
Liveing and Dewar, only he expresses the fact by saying that the spectra of the first 
order of magnesium and carbon resemble each other. 
1 Proc. Roy. Soc. Xxviii. p. 475 (1879). 
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to by Professors Liveing and Dewar, but this may only be due to a 
difference in temperature. 

No systematic attempt has hitherto been made to connect together 
the different spectra of the same element; relations which seem to hold 
in one case seem again disproved in others, and no object therefore 
seems to be gained by entering more closely into this matter at present. 


Report of the Committee, consisting of Professors ODLING, 
HuntinGton, and Hartiey, appointed to investigate by means 
of Photography the Ultra-Violet Spark Spectra emitted by 
Metallic Elements, and their combinations under varying con- 
ditions. Drawn wp by Professor W. N. Hartiry (Secretary). 


Tue chief objects to be gained from a knowledge of the character of the 
Spark Spectra of Metallic Elements, and of the combinations of. the 
elements, are :— 

(1) A means of readily identifying the metals by photographs of their 
line spectra. 

(2) A knowledge of the alterations producible in the spectra of 
metallic salts by the presence of various non-metallic elements. 

(3) A knowledge of the alterations in spectra caused by the dilution 
of metallic solutions. 

(4) A possible means of performing rapid quantitative determinations 
of metallic substances by the aid of photography, and obtaining perma- 
nent records of the results. 

All these objects have been more or less completely attained, but on 
account of the extensive inquiry which has been opened up, it is pro- 


_ posed on this occasion to present only a preliminary report. 


(1) In order to simplify spectroscopic work, the time of exposure 
required to produce the most characteristic spectra under various con- 
ditions, such as intensity of spark and conductivity, &c., of the electrodes 
has been carefully ascertained. 

(2) A long series of experiments has been made with the object of 
comparing the spectra of various compounds in solution with those of the 
elements they contain. In the process of photographing the spectra of 
solutions it is desirable to eliminate all foreign lines as far as possible, 
hence the selection of suitable electrodes was a matter of the first con- 
sideration. Electrodes of gold, platinum, iridium, and other metals were 
used, and those of gold proved decidedly the best, as containing the 
fewest lines, and the metal being a most excellent conductor of elec- 
tricity. 

‘All these metals are, however, useless compared with electrodes of 
graphite. The spectrum of graphite consists of eleven or twelve insigni- 
ficant lines due to the carbon, and about sixty-six lines and bands due 
to air. 

(3) In comparing the spectra of solutions of salts with those of 
metallic electrodes, it was found that in almost all cases the lines of metals 
were exactly reproduced from the solution, the graphic character being 
retained except in regard to their continuity. Discontinuous but long 
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lines, or in certain cases even short lines, appear as long lines in the 
spectra taken from solutions. 

The graphic characteristics of the lines seen in various metallic 
spectra may thus be classified as— 

1. Continuous lines. They extend the whole length of the spark, 
and are accurate representations of the spectroscope slit. 

2. Discontinuous lines. Those whose length is not so great as the 
distance between the electrodes. 

3. Extended lines. Sharp lines which extend above and below the 
edge of the spectrum, or, in other words, above and below the points of 
the electrodes. 

4, Blotted lines, or lines surrounded by a nimbus. 

5. Nebulous lines, cr those which are destitute of the sharp clear-cut 
appearance of most metallic lines.! 

(4) Insoluble compounds give no spectra when mixed with water or 
glycerine and exposed to the spark. The non-metallic constituents of 
salts do not yield any marked series of lines, and therefore do not obscure 
the metallic spectra. 

(5) Experiments have been made to determine the extent of dilution 
which serves to modify in various ways the spectra of solutions of 
metallic salts, and that which finally causes the extinction of the most 
persistent line or lines. The sensitiveness of the reaction varies with 
different elements and with the period of exposure, the intensity of the 
spark, and other conditions; I have no difficulty whatever, when work- 
ing in the manner here indicated, in recognising spectra yielded by solu- 
tions which contain no more than ,),,th of a per cent. of calcium, silver, 
copper, and +5} oath of a per cent. of manganese. 


Report of the Committee, consisting of Professor Roscor, Mr. 
LockyYER, Professor DEWAR, Professor LIVEING, Professor SCHUSTER, 
Captain ABNEY, and Dr. W. MarsuHaLtit Warts (Secretary), ap- 
pointed to prepare a new series of Tables of Wave Lengths of 
the Spectra of the Elements. 


Txt Committee has but little to report at present. An instrument for 
the more exact performance of the process of graphical interpolation has 
been constructed for the Committee, by Messrs. Cooke & Sons, of York, 
ata cost of 201. This instrument has, however, only been in the hands 
of the Committee for a few weeks. 

The Committee hopes to be in a position to make a fuller report at 
the next meeting of the Association, and it desires to be reappointed. No 
further grant of money is at present needed. 


1 See Scientific Transactions of the Royal Dublin Society, vol. i. ser. 2, p. 232. 
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Report of the Committee, consisting of Professor BALFOoUR STEWART, 
Professor RiickER (Secretary), and Professor T. E. THorPE, ap- 
pointed for the purpose of reporting on the Methods employed in 
the Calibration of Mercurial Thermometers. 


[PLATES I., IT., II.} 


INTRODUCTION. 


In drawing up the fcllowing Report the Committee have desired to pre- 
sent it in the form in which it will be most generally usefal. It is there- 
fore divided into two parts. The first contains a brief description of the 
principal methods of calibration and correction which have been hitherto 
proposed, an account of the thermometers on which these methods have 
been tested by the Committee and of the apparatus employed, and a 
summary of the results arrived at. This portion therefore contains the 
facts necessary to enable a selection from the various methods to be made 
by persons intending to undertake the calibration or correction of a 
thermometer. The second part consists of a fully worked out example of 
each of the methods, together with remarks of a detailed character. This 
part will it is hoped be useful in facilitating the calculations required, 
especially as references to the subject of calibration in English scientific 
works are rare and meagre. 


Parr I. 
General Review of Methods of Calibration and Correction. 


(1) The corrections for the inequalities in the bore of a thermometer 
tube may be applied in two different ways, distinguished as methods of 
calibration and correction respectively. : 

In the first the length of a column of mercury is measured in various 
parts of the tube before the scale is etched on it, and the lengths of the 
divisions are then so adjusted as to make equal differences of scale- 
readings correspond to equal volumes. In the second the tube is in the 
first instance furnished with a uniform scale, and a table of corrections 
is afterwards drawn up, by means of which the same end is attained as 
before. It will be shown hereafter that a high degree of excellence can 
be attained by the former method, but although generally used, the 
scales, even on good thermometers by well-known makers, are not, as 
a rule, sufficiently correct for very accurate work. They therefore 
require correction, and the process is rendered very laborious by the 
varying lengths of the divisions which have to be measured and allowed 
for in the calculations. The results, too, are probably less accurate than 
they otherwise would be on account of the irregular forms of the correc- 
tion curves produced by the superposition of the errors of the tube and 
scale. A uniform scale, the divisions of which are about a millimetre 
apart, seems therefore in general the most convenient. Such tubes only 
should be used as preliminary tests have shown to be of fairly uniform 
bore. 

(2) As all the methods of calibration and correction to be described 
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depend upon the measurement of the length of columns of mercury in 
various parts of the tube, it is important to decide upon the best method 
of separating these ‘threads’ (as they will hereafter be called) from the 
main mass of mercury in the tube and bulb. 

In general it is in the first place necessary to make the mercury run 
from the bulb into the tube, so that a column of any length can be obtained 
when the thermometer is at the ordinary temperature. To effect this the 
instrument should be held in a vertical position with the bulb uppermost, 
and the other extremity of the tube should be cautiously tapped against 
the table. If the mercury does not start it is well, as a preliminary, to 
heat and cool the bulb several times. Tolerably rapid changes of tempera- 
ture of a few degrees will often suffice. 

The transference of the mercury from the bulb to the tube causes a 
vacuum bubble to appear in the former, and many writers, among whom 
A. von Oettingen, in a work often hereafter to be cited (‘ Ueber die Cor- 
rection der Thermometer insbesondere iiber Bessel’s Kalibrir-Methode,’ 
Dorpat, 1865, p. 46) may be mentioned, recommend the separation of a 
column of the desired length by the proper manipulation of this bubble 
and a system of dexterous jerks. In a wide bore, if the bubble is brought 
to the junction of the tube and bulb, it is possible by a jerk to effect a 
disruption between the mercury contained in the one and the other re- 
spectively. It is, however, exceedingly difficult, if not impossibie, to apply 
this method satisfactorily to thermometers with narrow bores, and the 
violent jerks which are required are extremely dangerous to the instru- 
ments. 

In all the experiments undertaken by the Committee, therefore, the 
separation of the thread was effected by heat. The use of a blow- 
pipe flame for this purpose has been recommended (Wiillner, ‘ Lehrbuch 
der Physik,’ vol. iii. p. 14), but such a course is unnecessarily violent and 
risky. Instead of this, a very small flame, four or five millimetres in 
height, was used, obtained from the gas issuing from a narrow orifice at 
the extremity of a piece of glass tubing drawn out fine. Into this the 
thermometer was introduced, care being taken to heat the tube equally all 
round, and the rupture was effected at the point where the heat was ap- 
plied. It is easy thus to break off threads to within a millimetre of the 
length aimed at. When great accuracy is important it is advisable first 
to break off a thread longer than that required, and then to separate from 
it a portion of the desired length. Greater steadiness of the mercurial 
column while the thermometer is being heated is thus attained. Many 
dozens of threads have been broken off in this way within the experience 
of members of the Committee without a single breakage of the instruments 
employed. 

(3) Before proceeding further it will be convenient to define certain 
terms which will be frequently used. 

The upper and lower ends of a thread are those furthest from and 
nearest to the bulb respectively. 

The point at which the lower end of a thread is placed when a measure- 
ment of its length is made, is called the initial point. 

When by any method the corrections are determined only for a number 
of selected (and in general approximately equidistant) points, the points 
so chosen are termed principal points. If, when the tube has by means 
of a system of principal points been divided into a number of parts the 
relative volumes of which are known, these parts are further subdivided 
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by any method in which the corrections of the principal points are taken 
as accurate, the points of subdivision are termed secondary points. 

The corrections for points intermediate to the principal or secondary 
points may be determined either by interpolation formule or, as is far 
more convenient, by a graphic method. In the latter case the abscissze 
are the uncorrected scale divisions, the ordinates are the corrections to 
be applied to them, and the curves passing through the points thus deter- 
mined are called correction curves. The curves employed in this inves- 
tigation have been drawn on paper divided into millimetre squares. In 
the line of abscissze two centimetres corresponded to one degree, while an 
ordinate of one centimetre represented a correction of 0°01. In the case 
of second approximations it was often necessary still further to magnify 
the corrections and to represent 0°01 by five centimetres. Time and 
trouble are saved by using an open scale. In the plates the curves are 
half the size actually used. 

If a thermometer has been corrected by several methods, it is neces- 
sary in order to compare the resulis to transform the correction curves, 
so that the corrections may be the same at two arbitrarily selected points. 
These, which are in general at the extremities of the scale, are called the 
standard points, and a curve such that the corrections at these points are 
zero is called a standard correction curve. 

(4) The transformation of a correction curve is exactly similar to 
the conversion of a temperature from the Fahrenheit to the Centigrade 
scale. On the corrected scale equal differences of scale readings corre- 
spond to equal tube volumes. This condition will still be fulfilled—(1) if 
allthe corrected readings are increased or diminished by a given amount ; 
(2) if the difference between any two readings is increased or diminished 
in a given ratio. 

Let a be any point on the scale ¢(«) its correction. To make the 
correction for the lower standard point I zero, we have to diminish all the 
readings by @ (I). Hence the reading for « becomes «+ $(x)—@ (1). 

Let U and ¢(U) be the upper standard point and its correction, and let 


U+9(U)—-(1+¢())=N+aq, 
where Ul N. 


Hence after the scale divisions are altered in the ratio necessary to 
reduce the correction for the upper standard point to zero, the reading for 
2 becomes 


{o+o@)-9@ be. 


F For facility of calculation this is thrown into the more convenient 
orm— 


w+ (a) -~»@-yt-{e + 9(@) — 9} 


=o +9(e)-9D-£(1-S){e+9@-9O} 
approximately, 
=0+o(2)—9@)— fo +o) — +@ -Z8} 


approximately, whence the transformation can, as shown hereafter, be 
easily effected. 


L2 
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(5) Methods of calibration and correction may be divided into four 
classes: 

The first contains what may be called the step by step method, which 
is due to Gay-Lussac.! In it a thread of mercury is measured in a posi- 
tion A B, then shifted to BC, so that the lower end is in the position 
previously occupied by the upper end, then measured again, and so on 
for the whole length of the tube. From these measures the corrections: 
for the points B, C, D, &c. can be deduced. 

The second class contains what may be called principal point methods. 
In these a number of equidistant points are selected on the uncorrected 
scale, and the corrections for these are determined by means of threads 
the lengths of which are approximately equal to or multiples of the dis- 
tance between two consecutive points. 

Several methods are included in this class. 

Hillstrém’s ? is a modification of Gay-Lussac’s, in which an attempt is 
made to prevent the risk of the accumulation of errors inherent in the 
use of very short threads. Two slightly different varieties of Hallstrém’s 
method are described by A. von Oettingen and Pfaundler, of which the 
latter has been employed by the Committee. If the tube be divided into 
the parts A B, BC, &e. by principal points, a thread approximately equal 
to two of these parts is measured with its lower end at each of the points 
in turn. A second thread nearly equal to three of the parts is measured 
with its lower end at each of the two lowest principal points, and from 
these observations the corrections are deduced as described in Part II. 

Dr. A. Handl*® has recently described a method of calibration which 
appears to differ from those of Gay-Lussac and Hallstrom only in the 
form of the calculations. 

Another method has been devised by M. Thiesen.4 The scale being 
divided into n parts by principal points, threads equal in length to 
1, 2, ..%—1 of these intervals are measured with their lower ends 
coincident in turn with as many of the principal points as possible, and 
hence the corrections are deduced. 

Mirek® has applied the method of least squares to the calculation of 
the corrections for any number of principal points less than seven. 

By all these methods the corrections can be determined for as many 
points as may be desired, either by taking the principal points near 
together, or by breaking up the intervals between them by secondary 
points. There is, however, one method—Rudberg’s®—the essentiak 
feature of which is the breaking up of corrected scale intervals into 
smaller sections. This method therefore constitutes the third class, which 
may be called that of repeated subdivision. In this method the tube is 
first divided into two equal parts by measuring a thread of approximately 
half its volume, when the lower and upper ends are in turn at the 
extremities of the tube. These portions are then subdivided into three 


1 See Pierre, Pogg. Annalen, Bd. 57, S. 554, and Ann. de Chim. et de Phys. sér. iii. 
iv. p. 427; Welsh, Proc. Roy. Soc. vi. p. 178, and Phil. Mag. (4) iv. p. 306; A. von 
Oettingen, op. cit. p. 43, Verdet, Cours de Physique, i. p. 64. 

2 See Pogg. Ann. Bd. 9,8.535; Miiller-Pouillet’s Zehrbuch der Physik (Pfaundler) ; 
A. von Oettingen, op. cit. 8. 51. 

3 Carl’s Repertorium, Bd. xvii. Ht. 5. 

4 Ibid. Bd. xv. 8. 285. 

5 Thid. Bd. xv. §. 300. 

8 Pogg. Annalen, Bd. 40, 8. 574; A. von Oettingen, op. cit. 8. 50. 
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by means of a thread of about one-third the whole length of the tube, 
which is measured in the positions (see figure, p. 178) A d, de, e B, 
C f,and C g. The process can then be carried further, as described in 
the detailed account of this method. 

The fourth class of correction methods also comprises one only—viz., 
Bessel’s—which may be called a distributed point method. 

In this all the threads are measured with their lower ends at certain 
selected points, but as their lengths are not multiples of the distances 
between these points, but are within wide limits arbitrary, the corrections 
are determined at numerous points more or less irregularly distributed 
over the scale. 

In von Oettingen’s modification of the method the corrections are 
finally calculated by drawing correction curves through the points deter- 
mined by each thread, and taking the means of their ordinates. Pro- 
fessors Thorpe and Riicker have introduced some changes into von 
Oettingen’s method of correcting the lower and upper parts of the scale. 
An example of both systems, and a full discussion of the method are 
given in Part II. Although too detailed to be introduced here it may be 
said that the examples given prove that Professors Thorpe and Riicker’s 
alterations increase the rapidity with which the method approximates to 
the true correction curve. 

All the methods above mentioned (with the exception of Handl’s) 
have been tested by the Committee, and as the results are probably suffi- 
cient for the practical purpose in view, they have not extended their inves- 
tigation to several others which have been proposed by various writers. 

They may, however, refer to the plans suggested by Egen (‘Pogg. Ann.’ 
Bd. XI. s. 529), Rowland (‘Proceedings of the American Academy of 
Arts and Sciences,’ June 1879), and Pickering (‘ Physical Manipulation,’ 
Part IT., p. 75). 

(6) Many of the methods of correction theoretically require that one 
or both ends of the thread should occupy definite positions ix the scale. 
It is impossible, unless the tube is uniform or is perfectly corrected, 
to establish this coincidence at both ends, inasmuch as a thread which 
would comply with the condition in one part of the scale would fail to 
fulfil it in others. In the case, too, where the theoretical position of one 
end of a thread is indicated by a scale mark, the breadth of this is often 
so considerable that it is difficult to observe with accuracy the position of 
the end of a thread which is concealed by it. 

Sometimes it is impossible, and often it is inconvenient, to bring 
the thread end into its theoretical position. In cases where errors 
might be introduced by this failure to comply with the exact conditions 
of the method, they may be allowed for in two slightly different ways. 

The first plan is that of farther approximation. The corrections for 
the extremities taken out from the correction curve are applied to the 
measured thread lengths, and then, by repeating the calculations with the 
corrected values, further corrections are obtained, which must be added 
to those previously found. A second approximation is thus worked out 
in Part II. in the second example of Gay-Lussac’s method (p. 166). 

In some cases, however, if the threads are not measured in their 
theoretical positions, it is convenient to avoid the necessity for a second 
approximation by the preliminary use of a correction curve drawn by any 
simple method. Let the thread end be situated at M, and let the cor- 
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rection be required for a neighbouring point, N. Let A’ B’ be an approxi- 
mate, and A B the true correction curve. (See figure below). 


Let A’ M= ¢,(M) A M= ¢,(M), and so on. 
Then, if A A’ =a, BB’ = 8, it is evident that 
$2(M) — ¢2(N) = o:(M) — 9,(N) +a — 8. 

Now, in the method of approximation, the assumption made in the 
first approximation is that the right-hand side of this equation is zero, or 
that ~o(M) = $2(N). : 

A nearer approach to the truth is reached by neglecting a — /} only, 
and obtaining the values of ¢,;(M) and ¢,(N) from an approximate 
curve. Since the two curves in general 
differ but little, and M and N are always 
very near together, the error thus intro- 
duced is obviously in general less than that 
caused by neglecting ¢,(M) —¢,(N). In 
other words, since the curves are nearly 
parallel, the difference between A A’and B B’ 
is in general much less than that between 
M A’ and N B’, or MA and NB. 

Theoretically, of course, the error due to 
the neglect ofa — 3 would be greatest when 
the two curves sloped in opposite directions in the neighbourhood of MN. 
The only case, however, where a doubt as to the direction of slope could 
arise would be near toa maximum or minimum, when the whole error 
would be so small as to be negligible. 

This method, which is employed by Mirek (loc. cit.), is illustrated in 
the case of Rudberg’s and other methods in Part II. Since by it the 
corrections at points are determined from measurements made on threads 
whose ends lie near to but not actually at them, the corrections may be 
regarded as transferred by means of the preliminary curve from the 
observed to the theoretical points, and it is convenient to refer to it as 
the method of transference. 

_ If the theoretical points are w and (, if the extremities of the thread 
lie at u + Aw and 7 + Ai, and if @(u) represents the correction at w, and 
so on, the true thread length is 


u+ Au+o (w+ Au) — (i+ Ai+ o (i+ Ad)}. 


Here wu + Aw — (i + Ai) =t say, is the uncorrected thread length, 
and thus the true thread length 


={t+ (9 @+ du) — 9 @)-—(9G 49) -9O} +6 @-9 0. 


The corrections within the large brackets being determined from the 
approximate curve, the expression contained in it is in this method used 
instead of t, and is referred to as the transferred thread length. 

(7). In estimating the value of any method, three points require con- 
sideration—viz. the accuracy attainable, the time and labour required, 
and the cost of the necessary apparatus. The more accurate the appa- 
ratus used, the simpler may be the method of calculation employed. 
Thus, the chief objection to the step-by-step and subdivision methods is 
that the errors are cumulative, and that by an unfortunate combination 
of successive errors of the same sign, considerable inaccuracy may be 
introduced. It is, however, evident that this objection would vanish if 
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the apparatus used for measuring the threads were sufficiently sensitive 
to make the accumulated errors of thread-measurement insensible when 
compared with the error of reading introduced when the thermometer 
is used. 

The Committee have been able to study the results produced by 
different instruments, as well as by different methods, as will appear from 
the following résumé of the observations considered in the preparation of 
this Report. 

Some time ago Professors Thorpe and Riicker obtained a number of 
mercurial thermometers for the purpose of comparison with the air ther- 
mometer. A full description of these instruments is given in Table I. :— 


Tasie I. 
Extent of Average 
Thermometer | Owner Maker scale in length of 
degrees C. degree in m.m. 
A Dr. Thorpe Casella -9to 50 | 9°3 
B : 53 48 ,, 110 | 8-9 
Cc 3 5 98 ,, 142 | 11-2 
R, Prof. Riicker ec | n= TT vaya DL || 12:3 
R, 33 cc | 21 ,, 67 | 111 
R, 4 =f | Speen LO” 10-2 
561 Kew Committee | Kew Observatory |—115,, 29 | 12°9 
562 = sf 19-5030 68 4 11:2 
563 a § 51 ,, 107 | 9°5 
0; Owens College Owens College —11, 30 ; 11°5 
Laboratory 
O, 3 As Bienen 16 9°8 
0, & 4 55 4, 107 93 


Those numbered 561—2-3 were constructed and calibrated in the Kew 
Observatory, and those indicated by the symbols O,, O., O3, in the 
Physical Laboratory of the Owens College. In the case of the Kew 
instruments, the method of calculation adopted was that introduced into 
the Observatory by the late Mr. Welsh, and explained by him in the 
‘Report of the British Association ’ for 1853, p. 35, which, as it is prac- 
tically the same as that of Gay-Lussac, need not be further described. 

The Owens College instruments were furnished with a uniform scale. 

In addition to the construction of the thermometers, the authorities 
of the Observatory and the Owens College undertook to perform, in 
accordance with the directions of Professors Thorpe and Riicker, the 
measurements necessary for their correction by Bessel’s method. The 
apparatus used in each case was an excellent dividing engine. The 
accuracy of the measurements and of the correction curves obtained is 
evident from the fact that the difference between any one measurement 
of the length of a mercurial thread expressed in terms of the corrected 
scale, and the mean length of that thread, equals or exceeds 0°-01 C. (i.e. 
about 0°1 m.m.), in eleven only out of a total of 880 observations made 
in all on the six instruments. 

(8) The application of Bessel’s method, therefore, to the Kew instru- 
ments, afforded an excellent test of Welsh’s method by which they had 
_ been calibrated. The result was reported to Section A of the British 
Association at York (Report 1881, p. 541), in a paper from which the 
following is an extract :— 
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‘The original calibration was so accurate that the second approxima- 
tion of Bessel’s method was unnecessary in two cases, and was only 
partially carried out in the third. 

‘The maximum positive and negative corrections were in the case of 


Th. 561 + 0°:004 C. and — 9°:004 C. 
» 062 + 9°-002 C. and — 0°:005 C. 
», 063 + 0°°008 C. and — 0°:011 C. 


‘ As will be seen from the above description of the thermometers, the 
larger of these quantities are about equal to the limit of certainty in 
reading. 

‘In no case would the calibration error in the determination of a 
difference of temperature have amounted to 0°-02 C.’ 

(9) The remainder of the thermometers, viz. A, B, C, and R,, Ry, Rs, 
had been calibrated by the maker, and were corrected by Bessel’s 
method in the Physical Laboratory of the Yorkshire College. 

The instrument used was copied from one devised by and kindly lent 
for the purpose by Mr. IF. Brown, which he has lately described to the 
Physical Society.'! It consists of a wooden base to which the thermometer 
is attached parallel to a slot in which a small brass plate slides, carrying 
with it a vertical microscope furnished with a spider line. The microscope 
is moved by rackwork on the brass plate parallel to the thermometer, and 
the distance travelled is determined by a millimetre scale. Readings can 
be made by a vernier to 0'1 m.m., and with the help of a lens estimations 
can be made correct to 0°02 or 0:03 m.m. In the form described by Mr. 
Brown a split object-glass is used to bring the mercury in the bore and 
the scale divisions into focus together. In that employed in this in- 
vestigation this was omitted, and the microscope was moved vertically 
by rackwork to bring the mercury and scale into view in turn. This 
worked well. Any error due to want of verticality produced in the 
measurement at one end of the thread would be compensated at the 
other, if only the direction of the tube remained the same. That it did so 
is proved by the fact that two measures of the same thread length rarely 
differed by more than 0-03 m.m., which was well within the limits of the 
sum of the estimation errors possible at both ends. 

This instrument was employed because it was believed that, with 
proper precautions, and with so accurate a method of calibration as 
Bessel’s, it would serve to correct the thermometers to the required 
degree of accuracy. This anticipation has been fulfilled, and as the 
instrument is extremely convenient and relatively inexpensive, it may be 
well to state precisely the conditions under which it was used. Inasmuch 
as the thread lengths were required in terms of scale divisions, the instru- 
ment was never used to measure the entire length of a thread, but only 
the amount by which it was distant from a neighbouring scale division. 

(10) The position of the end of the thread was always determined by 
measuring the distance from the nearest division which was clear of the 
thread. Thus, if a and b be the extremities of the thread, and Aa’, BB’ 


A A’ B’ B 
ie TE ak 
the nearest scale divisions, the distances A a and Bb were measured, even 
if they were much greater than 4’ a and B’ b. 
1 Phil. Mag. [5] vol. xiv. p. 59. 
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In what follows, the nearest division therefore means the nearest 
division beyond and clear of the thread. 

The word reading means reading on the scale of the calibrating instru- 
ment, and in terms of millimetres. 

In a particular thermometer graduated from 55° to 107° C., the mean 
length of a degree between 55° and 75° was found to be 10°50 m.m. 

Hence, to convert readings between 55° and 75° into degrees, we have 
to multiply by 4, = ‘095. 

The corresponding factors for the whole scale were as follows :— 


Between 55° and 75° the factor = ‘095. 
a (oe ONES D> ere nrr—e- (O72 
e Ine eave lie XU es a al) 0)- 
= SOF andalQge ee). a O4e 


The initial points chosen were 55°, 58°, and 61°, &c. The method of 
exhibiting the results of the measurement is shown in the accompanying 
Table II. which is made more cumbrous than in actual practice by a full 
explanation of the meaning of the figures in each column. 

The results of two sets of measures only are given. 

The scales of the thermometers were carefully tested in various parts, 
and it was generally found that a group of consecutive divisions, all of 
which were equal in magnitude, was bounded at either end by other 
groups, in which the length of a division differed more or less considerably 
from that of those included in it. 

This was no doubt due to the fact that the scales were already 
adjusted by the maker to the varying dimensions of the bores, though 
not with the necessary accuracy. It was therefore possible to divide the 
scale into parts, throughout each of which the same factor could be used 
for converting the readings of the calibrating instrument (given in milli- 
metres) into degrees. An example of such a division is given above. 

It may here be stated once for all that in the case of all the thread 
lengths required for the observations detailed in Part II. the corrections 
for the varying lengths of the scale divisions were thus made. The tem- 
perature, tuo, was frequently observed by means of a thermometer placed 
close to that operated on, and the thread lengths were corrected by sub- 
tracting 0:00016 of their length for every degree Centigrade above the 
standard temperature for the set of observations in which they were made. 

The apparent mean error, taken without regard to sign of the 
thread lengths measured by this instrument is about double that of the 
more accurate instruments employed at Kew and the Owens College. In 
the case of Thermometer C, which was carefully calibrated by Bessel’s 
method for the purposes of this Report, it amounts to 0°:0024, or about 
0:033 m.m. As each thread was measured only once, and required four 
readings of the vernier, this result is satisfactory. The error in the 
estimation figures obtained by the vernier is indeed much greater 
than the error of setting the cross-wire to the point to be measured. 
Additional accuracy could, of course, readily be obtained by fitting 
the eye-piece with a micrometer screw to read over 2 or 3 m.m. only. 
Inasmuch also as in the method of measurement described the sum of the 
two small quantities Aa, Bb (see p. 152), is alone required, it would be 
convenient, if a uniform scale were used, to transfer the microscope 
from « to b by a screw or rackwork, without altering the position of the 
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yernier. The errors of reading would thus be reduced from four to two, 
and the maximum possible inaccuracy halved. 

(11) In order to compare experimentally the different methods of 
correction, the Committee have applied them to the same thermometer. 
The instrument selected was thermometer C, and the methods applied to 
it were those of Gay-Lussac, Hallstrom, Rudberg, Thiesen, Marek, and 
Bessel—the latter both as modified by von Oettingen, and also with the 
additional changes introduced by Professors Thorpe and Ricker. The 
measurements were made in the Physical Laboratory of the Yorkshire 
College. 

Those for Bessel’s method, and for the first example of Gay-Lussac’s 
method, were performed by Professor Riicker. The remainder, together 
with much of the laborious calculation required, were kindly undertaken 
by Mr. W. Heaton, M.A., Demonstrator in the Clarendon Laboratory of 
the University of Oxford, to whom the warm thanks of the Committee 
are due for the labour and skill which he has expended on the investiga- 
tion. It is owing to his help that they are able to present the Report 
without further delay. 

In the first place the thermometer was corrected by Gay-Lussac’s 
method. The thread used was about 19 m.m.(1°°6) long. When it was 
moved the lower end was always brought’ very near to, though not into 
absolute coincidence with, the position previously occupied by the upper. 
An inspection of the curve wherl completed showed that the errors intro- 
duced by these small deviations from the theoretical position were abso- 
lntely negligible. The length of the thread, together with that of the 
seale divisions in which its extremities lay, was measured twice for each 
position of the thread. As when the thread was displaced, the lower end 
lay in the same division as that which previously contained the upper, 
each division was really measured four times, and the mean of these 
values, which rarely differed by more than 0°-003, was taken as the true 
value. 

The standard correction curve obtained is exhibited in fig. 1, 
Plate I. 

All the calculations, together with those required in the other calibra- 
tions to be described, are given in Part IT. 

In the second application of Gay-Lussac’s method to the thermometer 
the thread employed was somewhat longer, viz. about 22 m.m. (2°). 
Instead of measuring each division in which the ends lay, the scale of the 
thermometer was previously studied, and was found, as is usual in ther- 
mometers calibrated by the maker, to consist of groups of divisions of 
equal length. The values of these were determined and used as above 
described. Another difference in the application of the method was that 
it was now used as a principal point method to determine the correction 
at every second degree. As, however, the length of the thread was very 
nearly 2°, the divergence from the theory of the step-by-step method was 
small, though considerably larger than in the last case. 

To eliminate any error a preliminary curve was drawn, and the 
method of approximation applied. The distance between the positions of 
the upper and lower ends (assumed in the first approximation coincident) 
was never greater than 2:2 m.m. (0°2), and the maximum correction 
introduced in the second approximation was 0°:007. 

In what follows the correction curve obtained by the use of the thread 
2° long was used as a first approximation curve to apply the transference 
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of corrections above described to the various methods investigated. It is 
shown in fig. 1, Plate I. 

Gay-Lussac’s method was also applied a third time to the thermo- 
meter. On this occasion a much longer thread 44 m.m. (4°) in length 
was used. The method of transference was used in finding the correc- 
tions, and the observations with the thread 2° long were used (for the 
sake of example) to obtain some secondary points between those found 
by the longer thread. 

The points determined are shown in fig. 1, Plate I. 

Hillstrém’s and Thiesen’s methods were applied to find the corrections 
of ten principal points, Miirek’s of five, Rudberg’s of twelve. In all 
these the method of transference was applied. Bessel’s method was also 
applied, the principal points being 2° apart. The calculations were per- 
formed twice, as above stated. 

(12) The following Table contains a statement of the number of 
thread lengths measured in the application of each of these methods. 


Taste III. 
Number of measures 
required 
Number of Number of 
¢ : oints deter- 
Method @) By pale Total Se oe > mined by 
By method minary method alone ya 
Salone curves used P : y 
in trans- curve 
ference 
Gay-LussacI.  . 26 26 26 26 
i 5 RE Ok 20 20 20 20 
a5 S3 MNS 10 20 30 10 20 
Hallstr6m . : iil 20 31 10 20 
Thiesen A a 54 20 74 10 20 
Mirek . . : 14 20 34 5 20 
Rudberg. 5 15 20 35 12 31 
Bessel . : . 138 138 148 8 


The difference in the amount of labour required by the different 
methods is not to be measured by the number of observations alone. 

In the case of the methods of Gay-Lussac and Thiesen the calculations 
are extremely short and easy; those of Hillstrém and Rudberg are not 
lengthy, but they lack the symmetry of the two just named, and are there- 
fore less simple in application. The longest of these methods, that of 
Thiesen, may be completed in a few hours, but the calculations and curves 
which Bessel’s method requires demand an amount of time which must 
be measured by days rather than hours. The operation of reducing the 
thread lengths to scale divisions, and performing the work for two full 
approximations, requires about four days’ constant attention. 

It is on the other hand true that the same extreme accuracy of 
measurement is not necessary, and thus in the example given each thread 
was measured once only, instead of twice as in the case of the other 
methods. This is justified partly by the result which previous experience 
had shown to be probable, viz. that the errors made under such cireum- 
stances are small. Only one of the 138 measures gives an apparent error 
as great as 0°01, and the mean is, as has been stated, 0°-0024. The 
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other justification of the course adopted is that, as will immediately 
be shown, an error of measurement in Bessel’s method is of relatively 
little importance. 

(13) This question is fully discussed in Part II. The following 
Table may, however, be given here. If e is the probable error of a 
single thread measurement, and me the probable error of a correction, 
the numbers in the Table are the values of m?, when ten principal points 
have been found, and are therefore proportional to the squares of the 
probable errors, or to the reciprocals of the combination weights of the 
corrections of the scale obtained by the method to which they refer. 

The probable errors of all thread lengths are taken as the same, though 
measures on long threads are less reliable than those on short, on account 
of their greater mobility, and the greater value of the temperature correc- 
tions with respect to the error of reading. In the case of Rudberg’s and 
Bessel’s methods the numbers can only be considered as approximations. 


Taste LV. 


Gay-Lussac 
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To make the result of this table more obvious, the numbers have been 
plotted down and curves drawn through them in the following figure. 
The curves serve only to connect the points given by the same method. 
At these points their ordinates are proportional to the squares of the 
probable errors of the corrections. The enormous differences between 
them will be at once appreciated. Care, however, must be taken to avoid 
drawing false conclusions. The numbers have no reference to any 
approximate assumptions. They refer only to the methods as exemplified 
in this Report, e.g. for Bessel’s and Thiesen’s methods, with 10 threads 
and so on. Had Thiesen’s method been applied to determine five 
points only, instead of ten as was actually the case, the ordinates would 
have been doubled. This points to a fundamental distinction between 
such a method as Thiesen’s and Gay-Lussac’s. Ovcteris paribus, the larger 
the number of points corrected by the former, the more accurate is the 
correction of each, whereas in Gay-Lussac’s method the reverse statement 
holds good. 

The extreme irregularity of the Hallstrom curve depends on the want 
of symmetry of the method. The extraordinary accumulation of the errors 
at the seventh and ninth points is sufficient to condemn it as presented 
by Pfaundler. 
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(14) Perhaps, however, more is to be learnt from the curves actually 
obtained than from purely theoretical discussion. 

Unless the greatest care is exercised, the errors due to ‘ taste’ in 
drawing the curves may far exceed those produced by mere instrumental 
inaccuracies. 

An excellent example of this is afforded in the neighbourhood of the 
point 135° on Thermometer C. 

Figure 2, Plate I, gives a part of the curve obtained by the Gay- 
Lussac method with the thread 1°°6 long. The points surrounded by 
circles are those obtained by the thread 4° long. The dotted line is that 
actually drawn by a person unacquainted with the form of the other 
curve. Thus at 138° a difference of 0°-012 is introduced. A similar 
result was obtained with the two Gay-Lussac curves shown in fig. 1. 
The dotted curve happened to have a point at 135° where the correction 
was found to be very low, in this agreeing with the Bessel curve, fig. 3. 
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The other curve missed this point, and gave a much higher correction 
at 136°. Probably both are nearly right. There is evidently some sudden 
change or irregularity at this part of the scale, to fully investigate which 
a number of points taken very close together would be required. 

If a thermometer is required to be accurate to 0:05 m.m. (0°:005) 
points must be determined at intervals not greater than 20 m.m., and 
wherever any sudden bend in the curve occurs, a secondary calibration 
of that part of the scale should be instituted with a shorter thread. 

(15) The following Table (V.) gives the corrections for the principal 
points as determined by all the methods. Rudberg’s is omitted, as these 
points could not be directly corrected by that method. The corrections 
obtained by it are, however, plotted down in fig. 5, Plate I. 

(16) A very careful comparison has been made between the results 
given by Bessel’s and the other methods. The two methods of calculation 
applied to it are fully discussed in Part II. The result is that whereas 
at the end of the second approximation the curves disagree by nearly 
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TABLE V. 
In terms of 0°-001, 
Gay-Lussac 
Hiallstrém | Thiesen Marek Bessel 
I II. III 
100 0 of 0 0 0 0 
104 121 120 | 116 120 121 120 
108 155 155 151 153 156 151 
112 106 109 104 107 109 104 
116 108 TEGa =)" S113 115 dire 115 
120 130 {SGeee 135 137 138 135 
124 106 112 111 109 113 109 
128 108 111 111 114 112 108 
132 56 60 61 56 61 54 
136 2 10 12 13 10 4 
140 0 0 0 0 0 0 


0°01, when the third approximation is partly carried out, that obtained 
by Professors Thorpe and Riicker’s method remains virtually unaltered, 
while yon Oettingen’sis brought into agreement with it. The former, 
therefore, though somewhat the longer, is taken as the more accurate 
method. 

(17) The discrepancies between the Bessel and the second Gay- 
Lussac curve were next investigated. The extremely small effect pro- 
duced on the correction at any one point by any one measurement of a 
thread length in Bessel’s method, makes it possible to use these threads 
as means of comparison. The corrections for the upper and initial points 
of all the threads measured in Bessel’s method were taken out both from 
the Bessel’s curve, fig. 3, Plate I., and the Gay-Lussac curve, Example 2, 
fig. 1, Plate I. The thread lengths were corrected by these, and then, 
bysubtracting from them the corrected mean thread lengths, the apparent 
errors of the measures were deduced. 

As ten threads were measured at each of the initial points, if the cor- 
rection for any one of these points was too high or too low, the threads 
measured at it would be too short or too long. 

This fact can be used to test the relative accuracy of the two curves. 
For instance, at 108°, the mean apparent error of the threads, when 
corrected by Bessel’s curve, was + 0°-001, which would show that the 
correction of the initial point was too low, and should be changed from 
0°151 to 0°:152. Applying similar reasoning to the other initial points, 
and to both the Bessel and Gay-Lussac curves, the following Table 
results :-— 


TasLe VI. 
In terms of 0°:001. 
I. I. III. IV. V. VI. VII. 
Gay-Lussac| Bessel |Gay-Lussac| Bessel |Gay-Lussac| Bessel 
100 0 0 1 0 1 0 
102 80 81 1 —1 81 80 
104 121 120 —1 -1 120 119 
106 149 146 0 0 149 146 
108 155 151 —1 1 154 152 
110 142 142 1 0 143 142 
112 109 104 —2 i 107 105 
114 115 113 1 1 116 114 
116 116 115 2 0 118 115 
mete Ee ee ee a ee eee eee 
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Columa I. gives the principal points; Columns II. and III. the 
corrections according to Gay-Lussac’s and Bessel’s curves; Columns IV. 
and V. the mean excesses of the thread lengths, according as they are 
corrected by one or the other curve; Columns VI. and VII., the cor- 
rections of the initial pomts themselves corrected by means of these 
excesses. It will be observed that the differences are reduced, but as 
the displacement of each curve by the corrections is about the same, it 
is difficult to say which is the more accurate between 100° and 110°. 

Another point of divergence occurring about 135°, all the threads 
whose ends fell on this part of the scale were picked out, thirteen in 
number. Their differences from the means, expressed in thousandths, 
were, in the case of Bessel’s curve, 


0,0, —1, 6, 1, —1, 5, 4, 0, —4, —2, —6, 2; total 4, 
and in the case of Gay-Lussac’s curve, 
4, 3, —1, 5,1, 2,1, 8, 2, 0, 1, —3, 8; total 31. 


This shows that the lengths given by the Gay-Lussac curve are on 
the whole too great, or that in this part it lies too high, and is the less 
accurate. On the whole, then, the Bessel curve seems to be the best, as 
theory would indicate. The extreme difficulty of obtaining an agreement 
throughout to less than 0°'005 is, however, shown by the discrepancies 
between the numbers given by Bessel’s and Thiesen’s methods. The 
probable error of a thread measurement is, according to the number given 
by Bessel’s curve, 0°:°0025. Hence the probable error of a correction 
ought, according to Table IV., to be about 0°-0008 and 0°-001, according 
as it was determined by Bessel’s or Thiesen’s methods. They differ, 
however, in several places by 0°-005, and each receives independent con- 
firmation from one of the other methods. 

(18) The agreement in Table V. will or will not be considered good 
according to the standard of accuracy to which the readings of the 
thermometer, when in actual use, attain. 

Two members of the Committee (Professors Thorpe and Riicker) have 
frequently had occasion to read the same thermometer together, and they 
always agree to 0°01 (0:1 m.m.). This indicates a possible reading error 
of + 0°:005 (0°05 m.m.), when no lens or other aid is used. Pernet 
has, however, come to the conclusion that the distance between the fixed 
points can be determined to 0°-001, and thus Mirek and others think that 
a thermometer should be calibrated to 0°:002 at least. It may there- 
fore be convenient to lay down three standards of accuracy, defined by 
the conditions that the differences between the corrected and the true 
seales shall not exceed 0°1 m.m. (0°:01 in Thermometer C) in the first, 
0°-05 m.m. in the second, and 0°:02 m.m. in the third. 

(19) The observations on the Kew thermometers show that the first 
standard can be reached by a calibration conducted after Welsh’s method 
with a good dividing engine. Inasmuch as the two Gay-Lussac curves 
shown in fig. 1, Plate I., nowhere differ by more than 0°12 m.m. 
(0°-011), except at the point 135°, where the difference could no doubt be 
reduced by a subsidiary correction near that point, the first standard is 
certainly attainable by a single Gay-Lussac correction conducted with a 
short thread and with Mr. Brown’s instrument, provided that special 
attention be paid to the accurate investigation of maxima and minima. 

The second standard can be obtained with Mr. Brown’s instrument 
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either by Bessel’s method or by the mean of two good correction curves 
obtained by Gay-Lussac’s method with short threads. This last state- 
ment is proved by reference to fig. 3, Plate I. The mean Gay-Lussac 
curve and the Bessel’s curve are there shown side by side, and it will be 
observed that at the points where the Bessel’s correction differs most 
from Thiesen’s, the mean curve diminishes the difference. As the Bessel 
and the Thiesen curves do not differ by more than 0°007, nor the Bessel 
and the mean Gay-Lussac curves by more than 0°:005, the latter may 
certainly be taken as correct to within this limit. 

There seems, too, no doubt that any of the principal point methods 
will, with Mr. Brown’s instrument, and the methods of approximation or 
transference used as in this Report, give the principal points correct to 
0°:005. Among these the preference is certainly due to Thiesen’s. It 
must, however, be remembered that the points corrected by these methods 
in this paper are too far apart to enable accurate curves to be drawn. 
They are sufficiently numerous to enable a comparison between the 
methods to be made, which is all that was desired. If they are used 
to determine points nearer together the number of measurements required 
and the labour of calculation rapidly increase. 

It seems therefore better to use these methods only as auxiliaries to 
a short-thread Gay-Lussac curve. 

This should be drawn as a first approximation, the length of the 
thread being a sub-multiple of the distance between the principal points 
determined by the more elaborate method. The corrections at these 
points should then be found, applying the method of transference by 
means of the Gay-Lussac curve, and, finally, the measures made on the 
short thread should be used to determine secondary between the prin- 
cipal points. The third standard of accuracy is more difficult of attain- 
ment. The discrepancies between Bessel’s and Thiesen’s figures in 
Table V. prevent certainty that either curve is correct to less than 0°-002. 
The method of least squares, as applied by Marek, does not seem to 
produce numbers differing by more than 0:001 from those given by 
Thiesen’s method. The application of such calculations to so small a 
number of measures is, indeed, of doubtful utility. 

The thread-lengths measured at Kew do not after correction, when 
treated as above described (p. 159) to discover residual errors in the 
initial points, anywhere show signs of an error as great as 0°002. The 
same statement, however, holds good for Bessel’s curve, obtained in 
this Report with Mr. Brown’s instrument, and yet, as has just been 
shown, it is difficult to feel certain that it is correct to 0°-002. On the 
whole, therefore, there can be no doubt that this standard of accuracy 
can be reached only by the most accurate apparatus and most perfect 
methods, 

The second standard in which the error of calibration is less than the 
error of an unassisted-eye reading of the thermometer is that which will 
probably be most generally aimed at. 

For this purpose the Committee, after considerable experience of 
Bessel’s method on the part of some of its members, are (if an instru- 
ment such as Mr. Brown’s or a dividing engine is used) decidedly in 
favour of the use of less laborious processes. The extreme length of the 
calculations required by Bessel’s method is in itself a serious drawback— 
an undetected error may vitiate many hours’ work. The same or a less 
amount of time spent in obtaining independent correction curves by Gay- 
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Lussac’s method, and taking the mean, would give an equally good 
result with much less trouble in calculation. 

(20) On the whole, then, the Committee think that, if the following 
rules are obeyed, an accuracy of 0°05 mm. in the correction of a 
thermometer scale can be attained. 

I. If a dividing engine is used, select principal points about 40 m.m. 
apart.! 


Correct by measures on a thread about 2 man, long, employing Gay- 


Lussac’s as a principal point method. If necessary apply a second 
approximation. 

This will probably be sufficiently accurate. It may, however, be well 
to check by using a thread 40 m.m. long to redetermine the principal points 
according to Gay-Lussac’s method, applying the method of transference 
by means of the curve obtained. with a short thread. Combine the results 
of the two sets of measures at the principal points, giving to the values 
obtained by the two threads weights proportional to their lengths. 

Use the shorter thread to determine secondary points. Hxamine 
further any maxima or minima in the neighbourhood of which the 
curves slope steeply. 

The total number of measures which would be required to apply this 
method to Thermometer C would be ten on the long and thirty on the 
short thread. 

TI. If an instrument such as Mr. Brown’s is used, reading to 0°] m.m. 
on the vernier and to less by estimation. 

Select principal points about 40 m.m. apart. 

Apply Gay-Lussac’s method twice by measurement on threads 20 and 
rg mm long respectively. Use the method as a principal point method, 
and make the points originally selected principal points for both correc- 
tion curves. 

If necessary, apply a second approximation in each case. 

Tf the two curves obtained agree to within 0°1 m.m. their mean will 
probably be as accurate as is desired. In taking the mean the weight 
assigned to each should be proportional to the thread-length. If, however, 
greater certainty is desired, it may be well to determine the principal 
points, either by Gay-Lussac’s method, using a thread 49 m.m. long, or 
by Thiesen’s. 

In the former case combine the three curves at the principal points, 
giving the weights 6, 3, and 2 to the corrections obtained by the longest, 
intermediate, and shortest threads respectively. 

Tf Thiesen’s method is employed and there are n principal points, the 
weights assigned to the three corrections of the 7" principal point will be 
3 ar (n — 17), 3 (nm — 1), and 2 (n — 1) 
to that given by Thiesen’s method and those obtained by Gay-Lussac’s 
with the longer and shorter thread respectively. This gives so great a 
preponderance to Thiesen’s method that unless the discrepancies are very 


great the corrections at the principal points practically depend upon it 
alone. 


1 The numbers given in these rules refer to a thermometer about 400 m.m. long, 
on which ten principal points are to be found. They can readily be modified so as to 
apply to instruments of other dimensions. 
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If these rules are applied to the numbers in Table V. the correction 

at the principal points are found to be 

118, 153, 106, 113, 134, 110, 110, 60, and 10, 
as given by the three Gay-Lussac curves, and 

121, 156, 109, 117, 138, 118, 112, 61, and 10 
by the Thiesen curve. 

As these nowhere differ by more than 0:004, and by that only near a point 
where the Thiesen curve is certainly in error (116°), and as they nowhere 
differ from the results given by Bessel’s curve by more than 0-005, except 
at 136, where the cause of the difference has been explained, it follows 
that both methods attain the second standard of accuracy. The three 
Gay-Lussac curves would involve altogether sixty thread-measurements ; 
the Thiesen and two Gay-Lussac curves would involve 104, so that on the 
whole it would seem better to adopt the former plan, and if when the 
calculation is concluded there seems any reason to doubt the result, to 
make another Gay-Lussac correction-curve, and include it in obtaining 
the final results. 

The general result of the sri Gatiigneion may, therefore, be summed up 
as follows—that labour is saved, and equal accuracy is obtained, by the 
repetition of the simplest method of correction (Gay-Lussac’s) "instead 


of the employment of more elaborate and, theoretically, more perfect 
schemes. 


Parr II. 
Details of Calculations, with Examples of each Method. 


(21) The following system of symbols will be adopted. 

The upper and initial points of a thread will be indicated by the 
letters u and 1. 

An uncorrected thread-length is therefore w — 7, indicated by t. 

The corrections at any point « to the first, second, &c., degrees of 
approximation are indicated by ¢, (x), ¢. (a), &c. Since the calculations 
often give the differences between these quantities, it is convenient to 


define 
¢' (&) = 2 (#) — 9, (#) 
og” (&%) = 43 (@) — $2 (2), 
and so on. 


A corrected thread-length is indicated by T, which is defined by the 

equation 
T=u+¢(u)—-@+9()) 

In principal point methods it is convenient to follow Thiesen (Joc. 

cit.) in the use of the symbol ¢, such that 

3(e+1)=4¢(@+) —4@), | 
where the symbols on the right refer to the «+1 and a principal 
points respectively, 

In cases where the true positions of the thread-ends are not coincident. 
with their theoretical positions, the latter are often indicated by w and %,. 
the actual positions by wu + Au, and: + Az. 

When in a step-by-step method the correction is referred to the mean 
point between the positions of the upper end of the thread and that of 


the lower end, when next shifted, that mean point may be indicated by a. 
M 2 


164 REPORT—1 882. 


The symbol r indicates the transferred thread-leneth defined in Part I. 
(p. 150) by the equation. 


r=tt {out An) — 9) -[9G + 49-9] }. 


In the case of principal point methods it is often best to indicate the 
position of a thread by reference to the principal points nearest to which 
its extremities lie. Let the principal points be numbered from o upwards 
in the direction of increasing scale readings, and let wu’ and 7 be the 
numbers indicating the principal points nearest to the upper and lower 
ends of the thread respectively. By the substitution of these quantities 
for w and 7% the above system of symbols will apply without further 
change. In cases, therefore, where ambiguity might otherwise arise, 
1’, 2’, &c. mean not the first, second, &c. scale division or degree, but the 
principal points numbered 1, 2, &c. Where no ambiguity is to be feared 
the dashes may be dispensed with. 


Gay-Lussac’s Mrtuop. 
Thermometer C. 


(22) The following is an example of as accurate a compliance with 
the strict conditions of this method as is possible with Mr. Brown’s 
instrument. ‘ 

The lower end of the thread was always moved into the same division 
and generally into the same part of that division as that in which the 
upper end previously lay. The correction is applied to the mean of these 
two positions. The thread-length was always measured twice in each 
position, together with the lengths of the divisions in which the extre- 
mities lay. The length of each division was therefore measured four 
times, twice when the upper and twice when the lower end of the thread 
lay in it. The mean of these four readings, which rarely differed by more 
than 0°:003, was taken as the true length. 

In Table VII., Columns I. and II. give the positions in terms of 
uncorrected scale-divisions of the lower and upper ends of the thread. 
Column III. gives the differences between these quantities or the un- 
corrected thread-lengths (t). 

Hence, if the successive values of ¢ be indicated by ¢,, t., &c., and if T 
be the corrected thread-length 


T — t, = ¢ (99°66) — o(98:05) = 8 (99°66), 
(1)< T — ty = 4(101-27) — 9(99:66) = &(101-27), 
T — t; = 9(102°89) — 9(101-27) = &(102'89), 


and so on. 
If, therefore, ¢(98:05) = 0, 
¢ (99°66) = 6(99°66), 
¢ (101-27) = ¢(101-27) + 6(99°66), 
and so on. 
Now there are 26 of the equations (1), and addition gives 
26T — (tf, ttp +... . + tog) = 9(141°85) — 6(98°05). 


But the corrections of these two points may be taken as zero. Hence T 
is the mean of the uncorrected thread-lengths. 
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In Column IV., therefore, are the means of the readings in Columns 
I. and II., or the points to which the corrections are to be applied (i). 
In Column V. are the values of ¢(#) obtained by subtracting each of the 
numbers in III. from their mean. 

In Column VI. are the values of ¢(a%) obtained by taking the sum of 
all the 6’s up to 6(i). 


Taste VII. 
I. Il. Il. IV. V. Aa ae 
In terms of 0°-001 
a u t u 6(u) $(%) 
98-048 99°656 1:608 99:66 55:9 559 
99:663 101-269 06 101-27 57:9 113°8 
101:274 102°891 17 102°89 46:9 160°7 
102°893 104°522 29 104:55 34:9 195°6 
104°571 106-219 48 106-23 15:9 211°5 
106:250 107-909 59 107-93 4-9 216-4 
107:947 109°625 78 109°65 —141 202°3 
109-667 111°367 1:700 111:37 —361 1662 
111:378 113-046 1-668 113-05 —4-1 162-1 
113-058 114-723 65 114-75 S11 161-0 
114:781 116-443 62 116°45 1:9 162°9 
116°462 118-120 58 118-14 59 168°8 
118°159 119-814 55 119-84 8:9 177-7 
119-865 121°526 61 121-54 2:9 180°6 
121°560 123-247 87 123-25 —23:1 157°5 
123-262 124-939 17 124-95 —13-1 144-4 
124-959 126°628 69 126-62 —5'] 139:3 
126°623 128-279 56 128-28 79 147-2 
128-278 129-964 86 129-96 — 221 125-1 
129°949 131-640 91 131-65 — 27-1 98-0 
131:663 133-357 94 133-35 —30°1 67:9 
133-350 135-050 1:700 135-05 — 361 31:8 
135-057 136°710 1-653 136-°75 109 42-7 
136°789 138-451 62 138-46 1:9 44-6 
138°462 140-144 82 140-15 —18-1 26:5 
140:157 141°847 90 141-85 —26:1 “4 
T = 1:6639 


In order to obtain a standard curve from the numbers given in the 
above Table, a few points were plotted down in the neighbourhood of 
100° and 140°, and the curve drawn through them. 

The corrections at these points were 0°:069 and 0°-028 respectively, 
i.e. in the notation used above (p. 147) 


¢ (1) = 0:069, a= — 0-041, “ = — 0:001025. 
N 
The largest value of ¢(2) = 0'216. Hence the largest value of 
) ~19(2) — $(1)} is — 0-001 x 0:188 = — 0-0002, 
2 
which is negligible, as is the largest value of = @, 


Hence the formula reduces to 


# + $(0) — $0) — La =a + 9(a) — 0°069 + -001025 2, 
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The ordinates of the standard curve are therefore easily obtained by 
subtracting 0°069 from the numbers in Column VI. of the above Table 
VII., and adding the number of degrees above 100 in Column IV. multi- 
plied by ‘001025. 

It is unnecessary to give the whole of the remainder of the calcula- 
tions ; but, as examples, the corrections for 104°55 and 135-05 may be 
taken, all the numbers being in terms of 0°-001 :— 


@ (10455) = 195°6 — 69 + 46 = 131 
@ (135-05) = 31:8 — 69 + 35:1 x 1:025 
= 31:8 — 69 + 36 = — 1 approximately. 


The standard curve thus obtained is the dotted curve in Plate I. 
fig. 1. 


Gay-Lussac.—Hxampte II. 


Used as a principal point method with second approximation. 


Thermometer C. 


(23) Another example of the application of Gay-Lussac’s method 
‘was carried out in a somewhat different way. 

It was now used to determine the corrections of points 2° apart—-ie. 
as a principal point method. 

.The thread-ends always lay in the divisions next to the principal 
point, and as a first approximation the differences between the corrections 
at the extremities of the thread and at the principal points were neg- 
lected. 

The calculation for the first approximation is carried out exactly as in 
the last case. There were twenty-one principal points—viz. 100°, 102°, 
104°, &c. These were numbered from 0 to 20, as shown in the Column 
headed w/in Table VIII. Columns J. and II. give the positions of the 
upper and lower ends of the thread ; Column III. their differences, or the 
uncorrected thread-lengths ; Columns IV. and V. the values of 6 (w’) and 
¢ (u’) obtained exactly as in the last example :— 

With these values of ¢ (u’) an approximate correction curve was 
drawn, and the corrections for the positions of the upper and lower ends 
of the thread were taken out in Table I[X., Columns I. and II. 

Then, since the corrected thread-length 


=t +$ (w+ Au) —$ G+ di), 


the differences of the numbers in Columns II. and I. are entered in III., 
and these, when added to the corresponding numbers in Column IIL, 
Table VIII., give the corrected thread-lengths entered in Table IX., 
Column IV. The numbers in Columns V. and VI. are obtained exactly 
like those in Columns IY. and V. in Table I.; and, by adding the values 
of ¢’ (u’) in Table II. Column VI. to those of ¢ (w’) in Column VY. 
Table I., the values of ¢, (w’) are found. 

It will be noticed that the differences between the values of @ (u’) 
and @» (u’) are not inconsiderable. 

The curve obtained is drawn in Plate I. fig. 1. It is used, hereafter, 
as a first approximation curve for obtaining transferred thread-lengths in 
the other methods. 
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Taste VIII. 
(1st Approximation.) Corrections in terms of 0°-001. 
‘ I* II* IV. We 
a i + Ad’ ui + Aw 5(u’) ¢ (u’) 
1 0-036 1:908 "O754 75:4 
2 2°050 3958 "0394 1148 
3 4:049 5-969 0274 142-2 
4 6021 7962 "0064 148°6 
5 8:024 9°985 — 0136 135°0 
6 9:978 11:958 — ‘0326 102°4 
7 12:026 13°966 "0074 109°8 
8 14:012 ‘ 15°958 0014 111:2 
9 16:012 17-949 0104 121°6 
10 18-050 19:988 “0094 131:0 
11 20:034 21/978 0034 134-4 
12 22-036 24-011 —'0276 106°8 
13 24015 25:968 —"0056 101:2 
14 26:044 27:985 0064 107°6 
15 28-060 30°031 —°0236 84:0 
16 29-971 31:948 —'0296 54-4 
17 31:957 : 33°941 — 0366 17'8 
18 34:030 35987 — ‘0096 8-2 
19 36011 37-951 , 0074 15°6 
20 38028 39-991 —'0156 0:0 
T = 19474. 


* The numbers in these columns are diminished by 100, thus 2°05 means 102°05. 


Taste IX. (Second Approximation.), 


i, I. IIT. | IV. v. VI. VIL. 
Corrections from first | Corrections | Thread- ¢(v) = 
u curve (in ‘001°) of thread- | lengths cor- 8'(u') go(u’) — do(u’) 
(+ Az’) g(a +Au')| lengths. rected. o(w’) 
1 2 72 70 1:942 4:9 4:9 80 
2 76 115 39 47 -—'1 4°8 120 
3 117 142 25 45 1-9 67 149 
4 143 149 6 47 — 1 66 155 
5 149 135 —14 47 —l 65 142 
6 135 102 — 33 47 — 1 6-4 109 
7 102 110 8 48 —11 5'3 115 
8 110 111 1 47 -—l1 5:2 116 
9 111 121 10 47 — 1 5-1 127 
10 122 131 ) 47 — 1 5:0 136 
11 132 134 2 46 3) 59 140 
12 134 107 — 27 48 -—11 4:8 112 
13 107 101 — 6 47 — 1 47 106 
14 101 108 7 48 —I11 3°6 111 
15 108 83 — 25 46 a) 4:5 89 
16 85 54 — 31 46 9 5-4 60 
17 54 19 — 35 49 — 21 3°3 21 
18 17 8 —9 48 —11 22 10 
19 8 17 9 49 — 21 ‘1 16 
20 16 0 — 16 47 - 1 0-0 0 


T, = 1:9469 
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Gay-Lussac.—Examete IIT. 


Application of method of transference. 


Determination of secondary points. 


(24) In this case a thread about 4° long was used, and the principal 
points were taken 4° apart. The thread having been accurately broken 
off, the transfer corrections are small. The curve determined in the last 
example was used as an approximation to determine them. The positions 
of the upper and lower ends are given in Columns II. and I. Table X.; 
their difference, or the uncorrected thread-length, in Column IIT. From 
this the transferred thread-length 


r=t+ (o (w+ Au) —  (u)) — (9 @ + At) — ¢ (@), 


is calculated in Columns IV., V., and VI., and from these the corrections 
of the principal points are determined as before. 

This example offers a means of illustrating the determination of 
secondary points. Let Po and P be two principal points between which 
nm secondary points are to be determined. This may be done by apply- 
ing Gay-Lussac’s method to the interval by means ofa thread=one n + 1 
of the distance between Py and P,. If this thread has been used to 
determine an approximate correction curve, transferred thread-lengths can 
be used, and the equations 


T — 7, =$ (1) — 9 (Py) 


T —7,=@ (2) —¢(1) 
T —73= (3) — (2) 
&e. = & 


T — rar = (Pi) —9 (n) 
give by addition 


(mn +1)T=7, +72 +73+° + tra1 + (Pi) — ¢ (Po) 
=7 + rot rat + tay + 0 Py 


Whence T can be determined, and the calculations proceed exactly as 
before, except that T is not the mean of the transferred thread-lengths. 
The calculations of a few points will suffice, the thread used in Example 
II. being employed to bisect the intervals between the principal points 
obtained in the present example. 

Thus in Table XI., Column I. gives the principal and secondary 
points numbered as in Table VIII., Example 2. Column II. gives the un- 
corrected thread-lengths taken from the same Table. Columns III. and 
IV. give the values of the quantities by which the transference is. 
effected, taken from the continuous curve in Plate I., fig. 1. Column VI. 
gives the value s of ¢ correct to 0°001 taken from Table X., Column VII. 
Column VII. gives the values of T, i.e. of }{r; + 72 + 6(P,)}. Column 
VII. gives T —7, and in Column IX. the corrections are finally ob- 
tained, as given by the formula. 

The points given by this thread are indicated in Plate L, fig. 1. 
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Hiustrom’s Merxop. 


Thermometer C. 


(25) In the application of Hiallstrém’s method the principal points 
were taken 4° apart, anda thread about 8° long was measured with its 
lower point in the neighbourhood of each of them, and a thread about 
12° long, with its lower end in the neighbourhood of the first two. 
S and o have with respect to this longer thread the same meanings as 
T and 7; for the shorter. The Gay-Lussac curve drawn in a continuous line 
in Plate I., fig. 1, was used to effect the transference. Then the follow- 
ing equations were obtained :— 

B= 0, +16 (3')'— 910) <8 4a an Hp 
SHat— (4-9)... . (8) 
T= +9(2)—9(0) . . + + QB) 
THr5+9(8)—-9().. 2. 8) 
&c.= ce. 
T =739+ 9(10')—9 (8!) ~.~—+ -« -(1]) 
Hence, remembering that 6 (x) = ¢ (n) — ¢ (nm — ,) from (1) and (2). 
o; —o,=06(4’) -—d(1’) 
aie 6 (4) = é(1’) + te O4 
= 2 (1) + 7 (4) say 
Similarly from the other equations :— 
ry — 7g = 0 (3) — (1) 2 208") = 81") try — rp =A (1) + (BY) say 
ry — ry = (41) — 88) 28) = 8(4) — (73 — 7) 
= 6 (1') + 03 — 04 —-(T3—)74) 
=5(1/) +7 (2) say 
Similarly all the other ¢’s can be expressed in terms of ¢(1’). If 
¢ (0) and ¢ (10’) are taken = zero, 


$1) +38(2')+ +6(10) =0. 


Taste XII. 
Thread I. 
1 Il. UL. ie ye VI. 
In :001° 

100:022 111-767 11-745 +1 +2 11-746 
4-015 15:874 11°859 0 0 11-859 

Thread TTI. 
0:020 7688 7668 | +1 +1 7-668 
4019 11°852 7833 0 4-1 7834! 
8-019 15°878 7859 0 0 7859 
12:017 19°808 T791 0 0 7791 
16:030 23°854 7824 0) +2 7826 
20°025 27°869 7-844 0 (0) 7844 
24013 31°885 7872 0 +2 T7874 
28°015 35:937 7-922 0 0 7922 
32°014 39°890 7876 0 +1 T3877 


Hence, if all the nine equations which give the ¢’s in terms of é (1’) 
be added, it follows that 


—103(0)=y2)+7@8)+ +y(10). 
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Hence, 6 (1’) is known, from it all the other 6’s can be deduced, and 
the corrections at the principal points are obtained at once from the 


equation 
p(n’) = 61’) +62’) + + 6(n’). 

Table XII. gives the calculations necessary for finding the transferred 
thread-lengths. Columns I. and II. give the positions of the lower and 
upper ends of the thread. Column III. the uncorrected thread-lengths. 
Columns IV. and V. give the values of ¢(¢’+ Ai’) —o@(i’) and 
(wu! + Au’) — (wv). Column VI. gives the transferred thread-length 
obtained by adding V. to III. and subtracting IV. 

Table XIII. gives the details of the determination of all the 6’s in 
terms of 0(1’). 

Column II. gives the transferred thread-lengths when the upper ends 
lie near the principal points indicated in Column I. 

Column III. contains the values of o3 — 4, 72 — 73,73 — 74, and 
so on. 

Column IV. contains the equations between the o’s obtained as 
above. 

In Column VY. the right-hand sides are transformed so as to contain 
6(1’) and constants only. 


Taste XIII. 
It Il. III. IV. Vv. 
u’ o Ort In -001° 
3 11:746 — — — 
4’ 11:859 | — 113 8(4’) = 8(1’) — 118 = 8(1') — 113 
oF 7668 — — — 
y 7834 | — 166 3(3’) = 8(1’) — 166 = 3(1') — 166 
4’ 7-859 2085 5(2') = 3(4) + 25 = 5(1/)— 88 
5! 7791 68 5(5') = (3) + 68 =a8(l')— 98 
6 7826 — 365 3(6’) = 8(4’) — 35 = 6(1’) — 148 
7 7844 = 18 a(7') = (6) — 18 = 35(1') — 116 
8 7874 — #0 3(3') = (6) — 30 = (1) — 178 
9’ 7-922 | —-48 5(9') = 3(7) — 48 = 5(1’) — 164 
10’ 7-877 45 3(10’)= 5(8’) + 45 = 8(1’) — 133 
103 (1) = 1204 
TasLE XIV. 
| I Il. III. 
| wu 5(u') (u’) 
y He 120°4 120-4 
2 32-4 152'8 
at — 45:6 107-2 
4’ T4 114°6 
| Bi 22-4 137-0 
6 — 276 109°4 
| c 44 1138 
| 8’ — 57°6 56°2 
| 9’ — 43°6. 12°6 
| 10 ~ 12°6 0 


The value of 6 (1') obtained by dividing the sum of the constants by 
— 10 is found to be 120°4. 
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Using this number, the values of 6 (u’/) are found in Table XIV., 
Column II., whence in Column III. the corrections for the principal 
points are found in the usual way. 


Turesen’s Mernop. 
Thermometer C. 


(26) If the principal points be numbered from 0 to n, Herr Thiesen 
employs a series of threads, the lengths of which are approximately equal 
to 1, 2, .. ~— 1 times the distance between two consecutive principal 
points. He deals with untransferred thread-lengths. In the following 
example, however, transferred thread-lengths have been used, but as 
the method of transference has been fully illustrated, it is unnecessary to 
exhibit the calculations. Each thread gives a number of equations of 
the form 

tre + 9 () — 90) 
(1) T= tart etl) —9(r) 
T>twro + 9 (u + 2) — 9 2’) 
and so on. 

By subtracting each equation from that which precedes it, the follow- 

ing are obtained :— 
6(1’) —é (wv +1) 
d (2) — d(w’ + 2) 


(2) Tw+1 — Tu — 
Tw+2 Tw FS 
and so on. 

Now, the thread whose length is equal to the distance between two 
principal points can be measured in 7 positions, and hence from it n — 1 
equations of the series (2) can be obtained. Similarly, the thread the 
length of which is twice the distance between consecutive principal points 
gives n — 2 equations ; and in all there are 

n(n — 1) 


m—-Lt+n—2+....4+1= 5) 


equations between the 0’s. 

These are combined to find their values as follows. 

A table is prepared, of which the following is a symbolical repre- 
sentation :— 


iy | wu’ =1' Py | 3y &e. 
1’ 8(1') — 8(1’) 5 (2’) — 8(1’) 5 (3’) — 8(1’) Ke. 
2! 3 (1) — 5(2’) 52’) — 3(2’) &e. 

x | By — 383) | 32) 3) 

n 5 i’) — 3(n’) 3 (3') — 3(n’) 

= | S(1’) S(2') S(3') &e. 


The differences of the 6’s are given by equations (2). On adding all 
the numbers in any column, say the 7**, an expression of the form 


no(7’) — {6 (1’) +62’) + +6 (r’)} =S(7’) 
is obtained. But if ¢ (0’) =@(n’) =0, the expression in the bracket 
vanishes, and hence no (7’) = S(7’). 
The o’s being known, the values of » may be found as usual. 
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Tarte XV. 
Thread I. 
0 3°996 1 
1 4-076 — 80 | 2 
2 4159 — 83 3 
3 4:102 57 4 
4 4:090 12 5 
5 4136 — 46 6 
6 4-111 25 7 
( 4161 — 50 8 
8 4-160 1 9 
9 4°123 37 10 
Thread IT, 
0 7668 2 
1 7834 —166 3 
2 7859 | — 25 4 
3 7791 68 5 
+ 7826 — 35 6 
5 7-844 — 18 7 
6 T7874 — 30 8 
7 7922 — 48 9 
8 7877 | 45 10 
Thread ITI. 
0 11°746 3 
1 11°859 -—113 4 
2 11°874 — 15 5 
3 11-852 22 6 
4 11°862 — 10 i 
5 11-932 — 70 8 
6 11°956 — 24 | 9 
7 11-968 — 12 10 
Thread IV. 
0 15°935 4 
1 16:037 ~ 102 5 
2 16:097 — 60 6 
3 16:046 51 7 
4 16°103 — 57 8 
x 16°183 — 80 9 
6 16164 19 10 
Thread V. 
0 19°640 5 
ul 19°778 —138 6 
2 19°815 — 37 7 
3 19°823 — 8 8 
4 19°881 — 58 i 9 
5 19-908 — 27 ' 10 
Thread VI, 
0) 23°991 6 
1 24:118 —127 7 
2 24:195 — 77 8 
3 24-202 — 7 9 
4 24:220 — 18 10 
Thread VIF. 
0 27-775 vi 
1 27-953 —178 8 
2 28034 -- 81 9 
3 27:995 39 10 
Thread VIII, 
0 32°661 8 
1 32-838 -—177 9 
2 32-887 — 49 10 
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In the example worked out, the lengths of the thread employed were 
approximately 4°, 8°, 12° . . 32°. In strict accordance with the method 
as just explained, a thread 36° long ought also to have been used. It 
was, however, found difficult to manipulate so long a thread. Herr 
Thiesen points out that a number of threads Jess than the largest possible 
number may be used, and the plan adopted below can easily be extended 
in a case where more than one thread is wanting. 

Table XV. gives in the first and last columns the numbers of the 
principal points between which the thread was measured. Column I. 
gives the transferred thread-lengths, Column II. the differences between 
the consecutive values of r. 

Thus, Thread I. gives in accordance with equations (2) 

6 (2’) — 6 (1') = — 80 

é (3') — ¢ (2’) = — 83, &e. 
Thread Ii. gives 

6 (3') — 6 (1) = — 166 

5(4) — 6(2’) = — 25, &. 
These numbers are tabulated in Table XVI. 
Thus 6 (2’) — 6 (1’) is entered in Column 2, Row 1. 


” d (3’) —6 (2’) ” ” 3, ” 2. 
and so on. 


Taste XVI.—Values of 6 (u’) — 6 (7’) in terms of ‘001°. 


Pay 1) 3 | 4 | ae 3 7 8 9 10 
1 o | —so | —166 |—113 |—102 | —138 |--127 | —178. | —177 
2 80 01-2 83 4— 95 1— 6 | =-60 lear) = 47 eee 
Bai! clGect O88 Ol) BT lex ORB 22 | 61): = eee 
Ae ae yap | = BT ol ae lS 35 lel Seb eee a8 
Ba ie |) aS | 68 il 12 0.| = 464 cee ee 27 
6 1k 138 (1°) 60| —.g2} 35: 46 | 0 |. 55! — SO = aia 19 
FIST !| eased | Loe! ag Pe e5 De) ="-500h = aba 18 
8 | 178| 77 Blob 7. Os. 30: esbo 0 ee 
9 | 177| 81 7| 58) 80| 24| 48] - 1 On 187 
10 apy oguo|  18. |) ay = 19 Lasley — 4B — Sy 0 
S(w’)| 1081 | 347| —471| 85 | 204| —247|— 6] —516| —511,| 34 
5 (w) 121-2 | 347 |—47-1| 8:5 | 20-4 | -24-7 |—0-6 | —51-6 | —51-1 | —9:7 
 (w’) {121-2 | 155-9 | 108-8 | 117-3 137-7 | 113 |112°4 | 6058 9:7 


Tt will be seen that the squares in Column 10, Row 1, and Column 1, 
Row 10, are blank. This results from the fact that no measures were 
taken with a thread 36° long. 

By adding the numbers in the different columns, the values of all the 
a’s, except 6 (1) and 6 (10) are found as previously explained. 

By adding Column I., however, the equation, 


96(1’/) — {60’) +42’) + + ¢(9’)}= 1081 
is obtained, cr 
96 (1’) + 610’) = 1081. 
Similarly, Column 10 gives 
96 (10’) + 6 (1’) = 34. 
Whence 6) 22 
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Mirexr’s Mernop. 
Thermometer C. 


(27) Thiesen’s method supplies, as has already been shown, more 
equations than there are unknown quantities. Marek has, therefore, 
applied the method of least squares to measurements made in this way 
up to and including the case in which the tube is divided into six 
intervals. 

As the formulz are somewhat lengthy, those only will be given which 
suffice for the correction of four points. First, let the tube be divided 
into five parts by principal points numbered from 0 to 5 (in this case the 
dashes will be omitted). Let -,; be the transferred thread-length 
measured between the wu‘ and i‘* principal points of a thread equal 
approximately to the interval between them, and let the measurements 
be made as in Thiesen’s method, and let threads equal to 1, 2, 3, and 4 
intervals be measured with their lower ends at as many principal points 
as possible. 

Finally, let ¢ (0) = ¢ (5) = 0, then 


— 30¢(1) = — 754 — 743 — T32 — 6791 + 9749 — 5731 + ST a9 
— 5741 + 9739 — O75) + 574035 

— 240 (2) — el 16 754 743 — 46 735 + 39 T9] + 24.719 — 15 753 
— 45 r 49 = OT 31 + 65 T9290 — 45 759 + 1074, 
+ 35730 — 20 Ts. + 20 7403 

— 240 ¢ (8) = — 24754 — 89 743 + 46735 + 72) + 16719 — 65753 
+ 5 ryg + 4575; + 15 r99 — 85755 — 1074, + 45739 
— 2075, + 20740; 

— 306 (4) = — 9754 + 6743 + 732 + 791 + 7190 — 5753 + St 49 — OT 50 
+ oT 4] — OTs] + OFT 40° 


In applying these formule to Thermometer C the principal points 
would be 100°, 108°, 116°, &c. Hence, taking from the tables of thread- 
lengths given in Thiesen’s methods those which are multiples of 8° in 
length, and which are measured with their lower ends at their principal 
point, the following values are obtained:— 

Pea 0-8/7 : 753 = 16164 5 T59 = 24220 
T43 = 7874 : T49 = 16°108 2 74, = 24195 
Ta9== 7826 ; 73, = 16:097 : T39 = 23°991 
T91 =— 7°859 e T920 = 15:935 
719 = 7668 T5) = 32°887 

. 749 = 32°661; 


whence, from the above formule, 


¢ (0) =0, ¢ (1) = 156, ¢ (2) = 116, ¢ (8) = 112, ¢ (4) = 62, 9 (5) = 0. 

If it be required to halve these intervals a thread about 4° long must 

be used, and the calculations are exactly similar to those given in the 
third example of Gay-Lussac’s method. 

Let P, and Py be any two of the principal points where corrections 
$(P,) and ¢(P,) have just been determined. Let r,, 7. be the trans- 
ferred thread-lengths of a thread about 4° long, measured with its lower 
and upper ends near each of them in turn, and then the correction for the 
point half-way between them is 


a{r2—71 + ¢ (Pi) + ¢ (Po)}- 
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As an example has already been given of the determination of 
secondary points, it is unnecessary to carry the calculation further. 


Rupsere’s Meron. 
Thermometer C. 


(28) A general outline of Rudberg’s method has already been given. 
A thread approximately equal to half the length of the tube is measured 
with each end in turn at one of the extremities, i.e. in the thermometer 
used at 100° and 140°. 

Thus, if T be the true thread-length, and ¢,, ¢, the uncorrected lengths, 
and if when the lower end is at 100° the upper end is at 120° + a, and 
when the upper end is at 140° the lower end is at 120° + (3, two equations 
are obtained as follows :— 


T=#, + ¢(120 + a) —¢(100), 
T=t, + ¢ (140) — 9 (120 + {3). 

Now, ¢ (100) = (140) = 0, as these are the standard points, and, as 
aand (are small, Rudberg assumed ¢ (120 + a) = ¢ (120 + 6) = ¢ (120), 
when 2 ¢ (120) = #, — ¢,. 

The considerable inaccuracies which may be introduced by these 
assumptions are obviated by the method of transference. 

Thus, since the successive fractions into which the scale may be 
divided by Rudberg’s method are 4, 3, +4;, &c., and as in this example it 
was determined to divide the scale into twelve parts, the principal points 
are 


100°, 103°°3, 106°°7, 110°, 113°°3, 116°°7, &e. 
In Table XVII., Columns I. and II. give the positions of the lower 


Taste XVII. 


Thread I. 
I. II. III. IV. Wig VI. VII. VIII. 
SES aL a ge Neal ee re 
100°052 119960 19°908 |" 100 120 2 0 19°906 (1) 
119°767 139°936 20169 120 140 —l 1 207171 (2) 


Thread II. 


100:038 112-930 12°892 | 100 113°3 1 
113-340 126°350 13010 | 113°3 | 126-7 0 
126°738 139°843 13:105 | 126°7 | 140 0 
1 
0 


2 13°107 (5) 
106-836 119°854 13018 | 106°7 | 120 0 13:017 (6) 
119-849 132°939 13:090 | 120 133°3 fi, 13:097 (7) 

Thread ITT. 

100-043 | 116537 | 16494 ; 100 | 1167] 1) —1 | 16492 ) (8) 
116°451 133°136 16°685 116°7 | 133°3 -1 3 16°689 (9) 
106°830 123°473 16°643 106°7 | 123°3 -l1 =< 16°641 10) 
113°022 129°651 16°629 NIGER) Sie) —] 5 16°635 (11) 
119-937 136°656 16°729 120 136:7 0 0 16°729 (12) 
103358 | 119:939 | 16:58] | 103°3 | 120 1 0 | 16580 | (13) 
109°815 126°460 16°645 110 126°7 2 0 16°643 (14) 
123-235 | 139°965 | 16730 | 123°3 | 140 1 1 | 16730 | (15) 
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and upper ends of the threads; Column III. the uncorrected thread- 
lengths; Columns IV. and V. the principal points near the ends of the 
threads to which the corrections are to be transferred; Columns VI. and 
VII. give the transfer corrections for the lower and upper ends of the 
threads; Column VIII. the transferred thread-length. Thus, from the 
first thread, 


T = 19:908 + ¢ (119-960) — ¢ (100°052), 
= 19°908 + {¢ (119-960) — ¢ (120)}, 
— {¢ (100-052) — ¢(100)} + ¢ (120) — ¢ (100), 
= 19:908 + 0 — :002 + ¢ (120) — 4 (100), 
= 19:906 + ¢ (120) — ¢ (100). 

From this table the following equations are obtained :— 
19906 + @ (120) — (100) =7, (1) 
20171 + » (140) —¢(120) =7, (2) 
12°890 + @ (1133) — ¢ (100) =7, (3) 
13-009 + » (126°7) — @ (113°3) = 7, (4) 
13:107 + ¢ (140) — » (126°7) =7, (5) 
13017 + ¢ (120) — 9 (106°7) =7, (6) 
13:097 + @ (133°3) — @ (120) =7, (7) 
16492 + @ (116°7) —¢ (100) =7, (8) 
16°689 + @ (183:°3) — @ (116°7) =7, (9) 
16641 + @ (123°3) — ¢ (106:7) =7, (10) 
16635 + @ (130) — ¢ (1133) =7, (11) 
16°729 + @ (136°7) — @ (120) =7, (12) 
16°580 + ¢ (120) —@ (1033) =7, (13) 
16°643 + @ (126°7) —¢ (110) =r, (14) 
16°730 + ¢ (140) — @ (123°3) =7; (15) 


From (1) (2) since ¢ (100) = ¢ (140) = 0. 


Fee pe Og 5 haa) 


2 
From (3) (4) (5) by addition 
3 rT. = 39°006 or 7, = 13:002 
Hence from (3) (4) (5) (6) (7) 


(1133) = 112 (@) 
$ (1267) = 105 (y) 
¢(1067)= 148 (8) 
¢ (1333) = 038 («) 


- From (8) and (9) by addition 
33-181 + ¢ (1833) — @ (100) =2 75. 


Hence, since ¢ (1333) = ‘038, and ¢ (100) = 0, 7, = 16°6095. 
Hence, from the equations given by thread IIL., 


$ (116-7) = 1175 
from (10) @ (123-3) = ‘1165 Ae! 
from (15) : (1233) = +1205 } Sein 
$ (130) = -0865 
@ (136°7) = -0135 
@ (103-3) = -1035 
$ (110) = +1385 
1882. x 
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The corrections as thus obtained are inserted in Table XVIII., 
Column I. In Column II. are given (for the sake of comparison) the 
corrections calculated from the observed instead of the transferred thread- 
lengths. The greatest difference is 0°-005. 


Taste XVIII. 


I. II. 
100 0 0 
103°3 "104 101 
106°7 148 “147 
110 139 136 
113°3 112 “110 
116°7 “118 “117 
120 133 131 
123°3 “119 Wy 
126°7 105 102 
130 087 092 
133°3 038 043 
136°7 ‘O14 013 
140 0 0 


This example will have made Rudberg’s method clear. The correction 
for the middle part, C, of a tube A B, is obtained by measuring a thread 
approximately equal to AC or BC with its extremities at A and B in 
turn. 

A Cc B 

A thread approximately equal to + the length of tube is measured in 
the positions Ad, de,eB. Hence its true length and the corrections at 
dandeare found. By then measuring it in the positions Cf and Cg, 


A Cc B 
d e 


since its length and the correction for C are known, the corrections for 
f and g are found, and the tube is thus divided into six parts. 


A Cc B 
f d e g 


Next, to divide the tube into 12 parts, a thread = +°, of its length 
is taken. The true length of this and the correction for h are determined 


AO n Ack 1 mu B 
oe Es 


by measuring it in the positions Ah, hg, as the corrections of A and g 
are known. An independent value of the length and the correction for 
% may be found by measuring fk, kB. In the present case the two 
values of the length differ only by 00015. That determined from Ag 
has been used. By measuring forwards from d and C the corrections for 
1 and m are found, and by measuring backwards from e and C, those for 
a and o. 

To divide the scale into 24 parts a thread 34 of its length would be 
used, and so on, 
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Bessew’s Meruov 
(As modified by A. von Oettingen). 


(29) For a full theoretical discussion of this method, reference must 
be made to von Oettingen’s work, ‘ Ueber die Correction der Thermometer 
insbesondere iiber Bessel’s Kalibrir-Methode’ (Dorpat, 1865), which has 
been frequently cited. It will be sufficient here to describe the method, 
and to refer to some points in which it seems open to criticism. 

A series of equidistant points are selected, extending over the whole 
length of the thermometer-scale. The first of these should be at or near 
the lowest point on the scale, and if (as in the examples here given) ten 
threads are used, the tenth should be near the middle of the scale. Hence, 
if the distance between any two consecutive points is taken as the number 
of entire degrees or of half-degrees, which is most nearly equal to 5}, of 
the whole scale, the conditions will generally be fulfilled with sufficient 
accuracy. A mercurial thread is then measured in terms of scale-divisions, 
when the lower end coincides in turn with as many of the initial points 
as its length will allow, and this operation is repeated with ten threads 
of different lengths. 

The conditions which these threads must fulfil as to length are—that 
when the lower end of the shortest is brought to the first initial point, 
the upper end shall not reach the tenth initial point (practically, several 
threads should satisfy this condition), and that when the lower end of the 
longest is brought to the tenth initial point, the upper end shall be at, or 
nearly at, the top of the scale. 

The longest thread will thus be measured at ten initial points, and 
some of the shorter threads will be measured at more. A convenient 
arrangement is to take the shortest thread about 3, and the longest 
about 4, of the whole length of the scale. 

Observations other than those in which the end of the thread lies at 
one of the ten initial points nearest to the bulb are, in the ensuing calcu- 
lations, treated differently from the rest, and will be called the additional 
observations. 

Tables XIX. and XX. give the thread-lengths obtained in the case of 
Thermometer C from the first ten initial points and from the additional 
observations respectively. For the reasons given above, the lower ends 
of the threads were not coincident with, but only very close to, the initial 
points. The error introduced by this fact will be discussed hereafter. The 
ae points are given in Column (0), the thread-lengths in Columns 

. to X. 

Tables XXT. and XXII. are obtained from IJ. and III. by adding the 
thread-lengths to the initial points, and thus give approximately what 
would be the readings for the upper ends of the threads if the lower ends 
coincided exactly with the initial points. 

These tables give the direct results of the measures. It remains to 
deduce from them the scale-errors, and it will be convenient to follow 
yon Oettingen’s notation closely. Let V;, be the mean of the numbers in 
the i column of Table XXI., H, the mean of the numbers entered in 
Columns I. to X. of the same table. Let M be the mean of all the 
numbers entered in Columns I. to X. of Table XXI., which is obtained 
by taking the mean either of the ten V;,’s, or of the ten H,’s; and, lastly, 
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let U;,. be the number entered in the 7** row of the & column (the 100, 
which for shortness has been omitted, being of course included). 

The symbolical representation of Table XXI., with the V’s, &c., intro- 
duced, is therefore 


0 i II IHN —_— x 

ty Vin Vos, Usn a Dyon H, 

te Une 2 Vase ie Vjo2 H, 

vo Uno Varo Usso = Vyos10 Hy, 
Vv; Vv. Wis — Vey M 


iliere |. (Agee Mot Vag (MS Bs eg Sea 
10 10 


Now, von Oettingen proves (Joc. cit. p. 9), that 
U;,,. = igh + Vi = M = Wes 


An alternative plan is, however, better—viz., to make use of Table 
XIX. instead of Table XXI., inasmuch as the numbers employed are 
smaller. Let be the mean of the initial points, and let h,, v,, m and %, 
have the same significations with respect to Table XIX. as corre- 
sponding large letters have to Table XXI. Then 


H, =%,+h, Vee eto, M=pt+ m, Uy, =4, + Uy 
.”. by substitution in the above formula, 
@ (Upp) = hy Vp = MM Ups 


The values of all the four quantities on the right-hand side of this 
ecuation are given in Table XIX. 

Table XXIII. contains the values of v;, — %,, and in the last column 
of h, — m. 

Table XXIV. is obtained by adding the values of h, — m to those of 
V;, — Uj,-—e.g. in Column I. 176 — 191 = — 15, and so on. 

Table XXIV., therefore, contains the corrections according to the 
formula for the scale readings given in corresponding situations in 
Table XXI. A curve is then drawn, with the scale divisions in Column I., 
Table XXI. as abscisse, and the corresponding corrections in Column i 
Table XXIV. as ordinates, and similar curves are drawn for each of the 
other threads. 

They are shown in fig. 1, Plate II., drawn in continuous lines, and 
numbered to correspond with the column and thread from which they 
are deduced. The scale of the curves in the plates is one-half of that 
actually employed. The mean of the ordinates of these curves for every 
degree above the highest initial point is then taken, and a curve with 
these quantities as or rdinates is drawn, thus forming part of the first mean 
curve. It is shown in fig. 2, Plate II., drawn in a continuous line. It will 
be observed that the first correction curves do not extend to the lower 
and of the scale...The corrections for this are obtained from the initial 
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points. It is proved by von Oettingen that the correction for an initial 
point 7, is given by : 


@ (i) = H, —i, + constant 
= h, + constant. 


Now, if the assumption is made that the correction for the highest 
initial point is accurately given by the first mean curve, the corrections 
for the initial points are readily found by adding to the values of h, in 
Table XIX., or h, — min Table XXIII., the quantity which is necessary 
to make hj, or hi) — m equal to the correction thus obtained from the 
curve. 

Thus, in the example under discussion, the ordinate of the first mean 
curve at 116° is — :024. To make the value of hig — m—viz. 079— 
equal to this, 103 must be subtracted from it. Hence the correction for 
98° is — 191 — 103 = — 294, and so on. The quantities so obtained 
are plotted down in fig. 1, Plate II., and produce the first initial point 
eurve (PQ R). 

In order to combine this with the portions of the upper point cor- 
rection curves which extend below 116°, von Oettingen gives to it equal 
weight with them, takes the mean, and thus completes the first approxi- 
mation correction-curve. 

The corrections for the initial points thus determined are inserted in 
Table XXV. :— 


TaBLE XXV. 
Corrections of initial points expressed in terms of 0°-001 

Correction of 116 from fig. 1 = — 24 

fe —aretOTelG) (eye) t=) ato 
98 — 294 108 —43 
100 — 225 110 —40 
102 —141 112 —68 
104 — 94 114 —44 
106 — 60 116 —24 

TaBLe XXVI. 


Corrections of Upper Ends from mean curve I. (fig. 2., Plate IT.) expressed 
in terms of 0°:001. 


116 12 9 17 |— 9 |—15 |—40 |—28 |—12 | —18 | —25 10:9 


v, =| —14:0 | —9-2 | —-2:3 | 1:9] 3:7] 21] 1:7] 0:0 |-—3:8 |—6-0m’=| —2:59 
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The entire continuous curve in fig. 2, Plate II., made up partly of the 
initial point curve, partly of the first mean curve, partly of the two com- 
bined, is called the first approximation curve. 

(30) Ifa second approximation is required, the theoretical procedure 
is to insert in Table XXI. the corrected values of the initial and upper 
points as given by the first mean curve. Hence, to deduce a corrected, 
Table XIX., and to proceed as before. 

A considerable saving of labour can, however, be effected by dealing 
with the corrections in the quantities in Table XXI. alone, instead of 
with the quantities themselves. 

Thus the corrections for the upper ends of the thread taken from the 
first approximation curve are entered in Table XXVI. 

In Tables XXVII. and XXVIII. the same operations are performed 
upon these as are performed in Tables XXIII. and XXIV. upon those in 
Table XIX. Hence a series of numbers are obtained by which the correc- 
tions in Table XXIV. would have been altered had the measurements 
been made with the scale corrected to the first approximation instead of 
with the uncorrected scale. 

By adding the numbers in Tables XXIV.and XXVIII. the quantities 
entered in Table XXIX. are obtained, which constitute the corrections or 
the second approximation for the upper points. 


TABLE X XIX, 
p (Ukr) + $¢' (Uhr) = 9, Ukr 
0 it Ine LHe BS IV. V. VI. VII. VIII. Ibe xs 
98 2 —3 —2 —1 —5 —2 2 34 3 or 
100 0 0 5 -—7 —2 —5 0) -—1 0 5 
102 | —7 —4 2 —4 —2 —1 —4 0 10 9 
104 | —5 0 3 —5 0 —1 0 5 Z 3 
106 | —5 —1 0 4 —6 1 —6 8 -1 6 
108 | —2 1 —2 —5 1 3 5 —4 aD —6 
110 1 —l —4 2 3 2 2 5 —2 —6 
112 | —2 3 —1 33 5 2 3 -10 | -—3 I 
114 8 —3 —1 5 4 —1 —3 0 —7 —8 
116 4 6 2 5 6 1 4 —4 -—10 —13 


The numbers in Table XXIX. are plotted down in fig. 3, Plate IL., 
and the mean of the ordinates of the curves is taken as in the first 
approximation, and these when added to those of the first mean curve 
form the second mean curve. 

It is, however, necessary below 116° to combine these curves with 
the corrected initial point curve. It has been shown that if #(7,) be the 
correction for the r™ initial point, $(7,) = h,= H,— 7%, plus a constant 
which, as differences only are required, may for the present be neglected. 
Now, by taking the mean of the initial and upper point curves at that 
part of the scale where they overlap, $(i,) is changed into 


v%) = 9(4,) +o 


where a, is the difference at that point between the first mean curve and the 
jirst tnitial-point curve. 
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The analogue of Table XXII. in the second approximation would there- 
fore be drawn up as under :— 


Initial points. Hie II. 

a, + $(%) + @B, Uys) + PCs) &e, 

tg + P(ig) + We Wyo + PCs2) &e. 

tip + P(t) + Wyo Uys39 + PCL s10) &e. 


Hence the correction for the 7 initial point (omitting the constant) 
would be: 


= (U5, a Wasp a oe .4 ek + Wr) se = {6 (u,,) aF $(Uo,,) ae =) SS it (tr 05r)$ 


— i,— o(i,) — @,. 
But 


= (15, Ua, + + Uy0),) =H, = (%,) + 7, 
plus a constant which may be neglected, and 
Fp (Lee) + Hla) + + OCHO} 
is equal to the quantity entered in Table XXVI. as X’,.. 
Hence ¢’(i,) =’. — a, 


The values of a, taken out from the first mean and first initial point 
curves in figs. 2 and 1, Plate II. are entered in Table XXVII. In the 
next column are the differences between the values of h’,, — m’ and a,. 

The additional correction for 116° from the second upper point curves 
is — ‘002. Hence, by adding 6 to the values of h’, — m' —@,, the 
ordinates of the second initial point curve are obtained which are entered 
in the last column of Table XXVII. By taking the mean of these and 
the upper point curves where they overlap, the following second approxima- 
tion corrections are obtained in Table XXX. 


TaBLE XXX. 


Corrections of initial points (second approximation) expressed in terms of 0°-001. 


98 -3 108 —7 
100 3 110 =—65 
102 8 112 —4 
104 11 114 —2 
106 —5 116 —2 


In order still further to correct the upper part of the scale, the follow- 
ing method is adopted. The full corrections for the initial and upper 
points are taken out from the second mean curve and entered in Table 
XXXII. 

If to any mean thread-length, ie. to the value of x, obtained in 


‘Table XIX., the mean correction for its upper points be added, and that 
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for its initial points (both taken from Table XXXT.), be subtracted, the 
corrected thread-length is obtained. These are exhibited in Table XXXII, 

The errors of the additional measures (given in Table XXXIII.) are 
obtained by subtracting the corrected thread-lengths from the uncorrected 
lengths given in Table XX. 

If now the corrections for the lower ends of the additional measures 
(7) be taken out from the second mean curve, the corrections for the 
upper ends can be calculated. 


TaBLE XXXIV. 
Corrections for Initial and Upper Points of Additional Measwres, in terms of 0°:001. 


0. $(i) | I. mes | Tee |) bY; v. Vid) Vil viel 
VG 12 25 Ti) es eee eee a ee ear 
120 15 30 ie |) =39 ase eine ete Mle a0 

122. |, 26 125 BS AO LT lo=alilee | t-8S 

124 oO ah Sef a erg eee 

126 fo | sl eso | 94 | -=4s 

128 237.2) We hot 39 

130 fee 17- a7 

ogee 86. | 25 |e 45 

134 | —36 | —46 


The values of ¢, (i,) are entered in Column I., Table XXXIV., and 
by subtracting from these the numbers in Table XXXITI., the upper 
point corrections are obtained. 

The corrections given by each thread are plotted down in fig. 4, Plate 
II. ; and the curve shown in fig. 5 is obtained by taking the mean of their 
ordinates. 

It agrees closely with the second mean curve. Where they diverge, 
as in the neighbourhood of 134° and 140°, the mean is taken ae plotted 
down in fig. 2, Plate II., in the curve drawn thus: —-—.— 

The curve thus finally attained must next (for purposes of acaiieon) 
be converted into a standard curve. 

The corrections for 100° and 140° are: — 0223 and — 0-022 
respectively. 

Hence, in accordance with the formula given in Part I., p. 147, the 
following quantity must be added to the corrected readings :— 

0:201 0:201 


o2n3 — OES a 2+ $ (0) +0293 S801 is 


Now OOTY # (2) + 0223 — o} 


only amounts to 0-001 if the quantity inside the brackets = °2. 
The values of ¢ (w) + 0°223 are given in Column III. of the following 
Table XXXV. They exceed ‘1 when zis >2. As @ increases, however, 


the quantity 0 


fin w becomes greater, and at about 125° it reduces the 


expression below ‘1. On the other hand, the last significant figure of the 


numerator in the fraction 0:201 introduces a term >:‘0005 when 2 


40 
is >20. 
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On the whole, therefore, if the expression be written in the form 
0:223 — -005@ — ‘001, the last term being only used when # is >2, no 
error amounting to 0°001 will be made. 


TABLE XXXV. 

as Il. Ill. IV. ¥. 
100 —223 0 0 10) 
101 —177 46 —- 5 41 
102 —134 89 — 10 79 
103 —106 LV, — 16 101 
104 — 84 139 — 21 118 
105 — 59 164 — 26 138 
&e. 

138 — 16 207 —191 16 
139 — 17 206 —196 10 
140 — 22 201 —201 0 
141 — 31 192 — 206 — 14 


The corrections for the initial points which will be required afterwards 
are as follows :— 


TABLE XXXVI. 


100 0 110 141 
102 79 112 107 
104 118 14 115 
106 151 116 115 
108 159 — — 


BrssEu’s Mernop. 
Further Modifications in the Calculations. 


(31) Having thus described Bessel’s method as modified by von 
Oettingen, it is necessary to indicate some points in which it appears to be 
susceptible of improvement. 

The most obvious objection is that the scale is corrected by dif- 
ferent methods in different parts, and with varying degrees of ac- 
curacy. 

In the first approximation, the middle part of the scale is corrected by 
observations on all the ten threads, the upper part by observations on 
three, two, and at last on one only. It is true that in the second approxi- 
mation the additional measures are introduced, but the corrections for 
the lower ends of these are of unequal value. Thus the correction 
at 124° is determined from 9 curves, that at 134° is found from 5. The 
latter must, therefore, be the more uncertain, and this uncertainty will be 
as it were transmitted to the upper ends of the threads measured at these 
points in the additional observations. 

At the lower end of the scale matters are still more unsatisfactory. 
In the opinion of von Oettingen (loc. cit., p. 14), the corrections for 
the initial points are of the same value as those for the upper ends of 
the threads. If this be so, only four points are corrected between 98° and 
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105°, while 33 determinations of the corrections of equal value are made 
between 122° and 129°, without including the additional observations. 

Such an arrangement of the experiments is evidently unsatisfactory. 
It will be hereafter shown that von Oettingen has probably under- 
estimated the value of the corrections of the principal points, but making 
all allowance for the much higher value which should probably be 
assigned to them, there can be no doubt that the correction is either 
determined unnecessarily often in the middle of the scale, or at too great 
intervals in the lower part. 

It appears, then, that the extremities of the scale are the portions 
upon the corrections of which least reliance can be placed. This is 
especially unfortunate. Delicate thermometers are now commonly 
graduated for a part only of the range between 0° and 100°C. As, there- 
fore, such instruments can have at the most but one fixed point, the 
temperature value of a scale division must be determined by comparing 
them at two temperatures with another instrument upon which the other 
fixed point can be read. If two thermometers do not cover the whole 
range between the freezing and boiling points, the comparison may have 
to be made by several intermediate steps. Hach instrument in a set of 
such thermometers is, therefore, constructed so as to overlap those which 
read above and below it. To avoid the necessity for having too many 
thermometers, this overlap rarely exceeds one-fourth of the scale and is 
often less. Hence the errors in the absolute measurements made by a 
given thermometer will be several times greater than the errors made in 
the measurement of the temperature-difference necessary to determine the 
value of the overlap. The extremities of such thermometers should, 
therefore, be the most carefully corrected, and yet it is here that the 
method under discussion is weakest. 

Objection may also be taken to the method of grafting the initial 
point correction curve with those portions of the correction curves for 
the upper points which affect the same part of the scale. 

Von Oettingen, referring to an example in which eight threads were 
used, says (loc. cit., p. 14): ‘ Fiir die Curve der arithmetischen Mittel.. . 
sind ausser den 64 Verbesserungen der 8 mal 8 oberen Fadenenden, noch 
die enimal 8 Correktionen der unteren Enden hinzugenommen. In der 
That haben diese Verbesserungen dasselbe Gewicht wie der oberen Enden.’ 

This view appears open to objection. Itis quite true, as von Oettingen 
adds, that the expressions obtained by him for the corrections of an upper 
and a lower point both contain the same assumptions, which are only 
approximately true—viz., that the sum of the errors of any row and of any 
column are separately = 0. 

But he determines the error of the topmost initial point (116) from 
the means of the curves of the upper points. To this, therefore, the full 
weight, 10 (if 10 threads are used), must be assigned. 

In using the formula ¢ (9) — ¢ (%,9) = hg — hyo, the only quantity 
neglected is the difference of the means of the corrections of the upper 
points in the ninth and tenth rows. Now, since the upper points in these 
rows extend over nearly the same part of the scale, the difference of these 
quantities—i.e. h’, — h';>—must be small. In the example given it 
amounts to 0°:007. Hence # (ig) must be known with considerable 
accuracy. The value of @ (7g) will be more doubtful, and so on. On 
the other hand, the weight 10 is perforce assigned to corrections given 
by the initial point curve at the lower end of the scale, inasmuch as no 
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others are available. It seems, therefore, unreasonable to entrust the cor- 
rection entirely to the initial point curve up to the point where the first 
upper point curve overlaps it, and then suddenly to regard it as of equal 
value to this, which is itself only one out of ten curves which are used to 
determine the correction in the centre of the scale. 

Experiment fully confirms this view. In no case, either of examples 
worked out by members of the Committee or of those given by von 
Oettingen, do the corrections given by the initial point-curve differ on a 
first approximation from the values they ultimately assume so much as 
do many of those given by the upper point curves. 

(32) In calibrating their thermometers, therefore, Professors Thorpe 
and Riicker thought it better to weight the initial point curve 10, the 
upper point curves being weighted 1, to introduce the additional measures 
in the first approximation, and to determine the initial point of any 
additional measure with full accuracy before using it to determine the 
error of its upper point. 

For this purpose the calculations were carried on exactly as in the 
previous method up to and including Table XXIV., and the upper point 
and initial point curves were drawn. The mean ordinates of the upper 
point curves were calculated from the highest initial point (116°) up to 
the point where the first upper point curve ended (123°). The means of 
the lower parts of the upper point curves and of the initial point curve 
were then taken, giving the latter the weight 10, and thus the first mean 
curve was formed from 98° to 123°. It is given in fig. 1, Plate III. 

The additional observations were now at once introduced, and the 
calculations required the gradual building up of five Tables at the same 
time. The highest point given by Thread I. is at 123°°9; hence the 
corrections for the initial points and for all the upper points on Thread I. 
were taken out from the first mean curve and entered in Table XXXVILI., 
in the columns headed @ (7) and I. respectively. 


TaBLE XXXVII. 


Corrections of Upper and Initial Points from Mean Curve 1, fig. 1, Plate IIT, 
expressed in terms of 0°:001. 


0 (2) I. Il, | I1f.| TV. | V. | VI..| VIL. | VIII.) TX. | X. h’ 

98 |—294 |—61 |—39 |—53 |—47 |-32 |-13 |. 2 19 | 24 18 —18 
100 |—225 |—38 |—34 |—51 |—25 |—18 9) 22) 25 ule de -— 9 
102 |—146 |—35 |—61 |—26 |— 7 5 26 | 23 9 17 | 22 — 3 
104 |\— 94 |~—61 |—44 |-10 | 14); 24 18 8 16 24 19 1 
106 |— 56 |—43 |—25 11 26) 22 11 18 | 24 7 \|- 3 5 
108 |_— 36 |—24 |— 5 | 26 12 8 | 22) 24 8 |—12 |—24 4 
110 |— 37 |-— 4 15} 16 13 19 | 20 5 |—10 |—35 |—34 1 
112 |— 62 15 | 26 11 | 24} 23 |— 1 |—13 |—34 |—25 |—16 1 
114 |— 41] 26) 12) 22 15 4 |—20 |—36 |—27 |—11 |—13 — 3 
116 |— 24 12 12 19 |— 5 |—14 |—35 |—23 |—11 |--22 |—32 —10 
— |—101 |-21 |-14 |- 3 2 4 4 3 2\/— 2\/— 5|m'=—-3 


The mean of the ¢ (i)’s subtracted from the mean of the numbers in 
Column I. gives the correction on the mean value of Thread I, given in 
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Table XXXVIII. Hence the corrected value of Thread I. is obtained as 
in Table XXXVIII. 


Table XXXVIII. 
Corrected Mean Lengths of Threads. 


Uncorrected Corrected | Uncorrected Corrected 

Length from Correction : || Length from | Correction : 

Table XIX. Length L |! “Table XIX. Length L 
7855 “080 7-935 19°310 105 19°415 
9°766 ‘O87 9°853 i 20°689 104 20°793 
13°398 098 13-496 22-420 103 22-523 
15°757 "103 15-860 | 24593 “099 24-692 
16°831 "195 16°936 - 25°510 “096 25°606 


Subtracting this mean thread-length from the uncorrected lengths 
given in Table XIX., the errors of the additional measures of Thread I. 
are found, and entered in Column I., Table XX XIX, 

The corrections of the initial points between 116 and 122 being 
known from the first mean curve, which is complete up to 123, they are 
entered in Table XL., and by subtracting from these the errors of the 


TABLE XX XIX. 


Errors of Additional Measures = L — L, in terms of 0°-001. 


0 if ile III. 1g, ee VI. VII. | VIII. 
118 —18 —33 =5151 1s ith 333 12 % 17 
120 Sai BI AG 41 38 | ood 22 38 

122 12 25 60 37 31 51 

124 14 36 24 12 32 

126 41 43 30 49 

128 62 42 60 

130 29 37 

132 17 35 

134 8 


additional measures in Table XXXIX., the corrections for the upper 
points of the first three additional measures of Thread I. are found and 
entered in Column I., Table XL. The points to which these correspond 
are given in Colamn I., Table XXL., and by their aid the correction curve 
given by Thread I. can be prolonged as in fig. 2, Plate III. 

Using this prolongation, the mean curve can now be prolonged for 
two or three degrees by means of all the ten curves—viz., nine in fig. 1, 
Plate IT., and one in fig. 2, Plate IIl.—ie., it is prolonged far enough 
to take out, as in Column II., Table XXXVIL., all the corrections for the 
upper points of Thread I]. The same process can then be repeated with 
this thread, and thus gradually all the ten curves, by means of which the 
first mean curve is constructed, are formed—the initial point of each 
additional measure being determined, with the full accuracy of which 
the first approximation is capable. 

(33) The second approximation is then carried ont in exactly the 
same way. 

1882. ) 


194 REPORT—1882. 


Tables XLI. and XLII. are obtained from Table XXXYVII., Table 
XLII. from Tables XXIV. and XLII. The corrections for the initial 


TasBLe XL. 

Correction for Initial and Upper Points of Additional Measwres, in terms of 0°-001. 
0 (i) I. I. II. IV. Vv. VI. | -VURgop Naar 
118 — 3 15 30 8 —21 —36 —15 —10-| —20 © 

120 17 34 23 —24 —21 — 7 — 5 —21 

122 26 14 1 —34 —11 — 5 — 25 | 
124 11 — 3 —25 —13 — 1 —21 

126 13 — 28 —30 —17 —36 

128 25 —37 —17 —35 

130 14 —15 — 23 | 

132 — 6 —23 —41 | 

Te Sa ee: | 


points are obtained as previously described (p. 187), and entered in Table 
XLIV.; and the second mean curve is completed as before up to 123°. 


TasLe XLI. 


(0% —U' ky) 
Derived from Table XX XVII. (In terms of 0°:001). 


of a fan fam-|-rove}-v. f-wn |var}vir) rx. | x. lea hae ia 
7 
93] 40/ 95! 50]. 49| 36] 17] 1|—17|-—26}—23] —15 | 0} —15 
10) 17.90.) 48|o027|' 291 — 6| =—19| +93) —10 16) © er od a8 
Meo. 14) 47\23| 45 9\— 1) —28| —20| — zt—19| 271 b Oe) On eee 
104| 40) 30| 7|—12|—20| —14| — 5| —14|-26|—24), 4/]0] . 4 
ie) 23) 1194) —24 18) — 7] S45) 39) 9), 2)) & edged 
108) 23) —-8| —P9| —10|— 4) ie) or | ES al 10 on19 |. age pee 
MO 17) 29) —19| —11|\-15| —16|— 2|| 12\—3Blem9| ) a Fa) 8 
i236) —40| —14|—99|,-19| 61 161) 86], 28lco1|| & | 64 sel 
i) —47] —26|—25|—18|, 0| 24) 39| 291° 9|  8|| O18) ae8 
116|—33|—26|—22| 7| 18] 39] 26| 13] 20| 27|-7|0|—7 
Taste XLII. 

¢' (Up) =v —Wy +h, —m'). In terms of 0°:001. 
I. | De ale nt | 1 ee 1 i= 8 vin. | TX, |. ox. 
98 | 25 | Wel Si dk BS \yeL | cr 2) adh So eee 
100" |e tg ft de Liar 16s 1k | 2p | 2 | mene oe 
IMSS a 8 da i 5 gratea ae! = 991) Boi ae ae ee 
104 | 44 | 34 fi |G Sagh| 10 |. 2 gall iol mapa egg 
108 «(1480 4 ped9oot| SF pelaemetel oy (ad eng ote 6 
1084 hy 1Oteh—teBial wasel bows 8 albsee M ed) dh 1 P Whit 26 
A100 AS alese2Bue Wtoaleubl 4Zor | Ll | sb, | «itl cel channel ae 
112°") ~.se" ae) 210 | See ae Po |) See © aj remeron 
114 | —47 | —26 |.—25 | —13 COA ia eh A ie ii 8 
Hie aoe [Cao Peleg of a} 82) a9} 6] a3 | og0 
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Table XLITI. 
o(Urr) + 6 (Ukr) =.( Uz). In terms of 0°:001. 


0 a! ‘nis Ill. IV Vv VI WETS VUE Ix ».¢ 
98 10 u 0 1 —8 —6 —3 — 1 0 0 
100 11 3 10 | —11 —5 —6 —2 — 2 +2 0 
102 — 5 2 —2)-—5 —4 —1 —4 —1 7 6 
104 — 1 2 1} -—5 —1 1 0 3 3 1 
106 — 3 —5 0 5 —4 1 —6 10 0 5 
108 — 18 —2 —1]-—- 2 2 5 7 — 2 5 —4 
110 — 3 —3 0 1 4 5 4 7 —1 —T 
112 — 6 0 — 3 3 6 3 5 — 9 —4 2 
114 3 —5 — 2 6 3 1 —3 -—1 —4 —4 
116 — 2 —1 0 2 6 —1 1 — 2 —3 —4 


Table XLIV. 
Mean Ordinates from Initial and Upper Point Curves, in terms of 0°-001. 


LOGE MY fois 111 1 
LOZ 8 112 0 
108 shan 2 113 0 
109) | phos 1 114 er 
110 pipe il 115 —4 

' 116 —6 


The additional measures are then again introduced. Let L, L and 
I +1, be an uncorrected measure of the length of a thread, and the 
means of the ten ordinary measures of the same thread correct to a first 
and second approximation respectively. 

Let 9 (u), > (2), ¢2 (w) and $5 (¢) be the corrections for the upper 
and initial points of the thread, correct to a first and second approxima- 
tion respectively. 


Hence, L + $2 (vw) —¢ () =L4+1; 


but > (u) = $ (u) + 9" (u), and $5 (1) = $ (i) + 9! (). 
ge Pane) = 6 (0) HO (i b= {in — DE os (ze). 


To apply this formula, Table XLY. is found from the second mean 
curve, exactly as Table XXXVII. was found from the first—i.e. the 
columns ¢ (7) and I. are completed and their means taken. As before, 
the difference between v, and the mean of the $(7)’s gives the correction 
for the mean value of Thread I., and thus the corrected length of that 
thread is found as in Table XLVI. The difference between the corrected 
lengths in Tables XLVI. and XXXVIII. give the values of J, which are 
given in the last column of Table XLVI. The values of the corrections 
for the upper points of the additional threads are then taken out from 
the first mean curve and entered in Table XLVII.; and these, being 
added to the corresponding values of L — L in Table XXXVIIL., give 
the values of L — L + ¢ (w) entered in Table XLVIII. 

02 
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Taste XLY. 
Corrections of Initial and Upper Points from corrected Mean Curve. 
In terms of 0°°001. 
0 |¢go(z)} I. LT. | SOE) Vien] 2%. |) Wis) VIL) VOU) DX. eA n't 
98 |—309|/—56 |—36 |—52 |—47 |-35 |-16 | —2| 16| 24] 16 |—19/—16 
100 |—229|—35 |—34 |—51 |—30 |—22 4|} 20] 25 8 | 11 |-10| —7 
102 |—138|}—34 |—60 |—31 | —9 0} 25 | 23 8 18 | 26] —3 0 
104 | —88|—61 |—44 |-13 | 11] 22] 16 Obl, W175) S25) ee 1 4 
106 | —51}|—42 |—30 6} 26] 21 te) 208. 628. 9 1 5 8 
108 | —34/-30 | —7 |} 26] 11 10} 25} 27] 11) —9 |—23 4 % 
110 | —35| —7 | 11 14] 13] 21 23 9 | —8 |—36 |—35 1 4 
112 | —62) 12 26 11 28 27 3 }—11 |—35 |—23 |—14 2 | 5 
114 | —42} 26] 10} 26] 19 8 |—19 |—37 |—26 |—11 |—12 | —2 1 
116 | —30} 11 IB} 22 0 |-12 |—386 |—22 |—11 |—21 |—32 | —9| —6 
—102)—22 |-15 | —4 2 4 4 4 3 | —-1 | —-4] -3 
Taste XLVI. 
Corrected Mean Lengths of Threads (second approximation). 
Uncorrected length Correction Corrected length | a ee 
7855 ‘080 7-935 “000 
9°766 087 9°853 “009 
13°398 098 13°496 “000 
15-757 “104 15°861 001 
16°831 106 16°937 | ‘001 
19°310 "106 19°416 ‘001 
20°689 106 20°795 “002 
22-420 105 22°525 002 
24°593 “101 24-694 "002 
257510 098 25-608 002 


Taste XLVILI. 


( (0). 


Corrections for Upper Points of Additional Measures from \st Mean Curve 


jig. 1, Plate III. 


0 I. Il. Ill. Uc Me 
118 13 24 —2 — 28 —36 
120 25 15 —21 — 33 —21 
122 14 —5 —34 —13 —I1l 
124 —6 —28 —16 —14 —24 
126 —29 —33 —12 —37 

128 —32 —13 —32 

130 —13 —14 

132 —l4 —36 

134 —37 


In terms of 0°-001. 


VI. 


—17 


Malle 


—11 
—23 


VIII. 


—19 


The second mean curve being completed up to 123° enables the first 
three values of » (i) + 9’ (7) to be taken out in Table XLIX.; and by 
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means of Table XLVIII., and the values of 1, the corrections for the 
upper points of the first three additional measures of Thread I. are 
found. By this means the curve given by Thread I. is prolonged, and 
the operation of completing the second mean curve is carried out in a 
manner similar to that adopted in the first approximation. 


Taste XLVIII. 


L—LZ+(w. In terms of 0°-001. 
0 I | Il. Ill IV. Vv. VI. VIL. Vill. 
(val mm Ma PMR 8 sb ic DR aM IR a 
120 8 | 9 20 5 3 9 15 
122 26 | 20 26 24 20 20 | 
124 3) | 8 8 — 2 8 
126 1 10 18 12 
128 30 | 29 28 
130. 16 23 
132 3 — 1 
134 —29 
Table XLIX. 
Corrections for Upper Points of Additional Threads plotted down in Curves in fig. 4, 
Pilate II. 
o(t) + $4) + 2 —(L— L+ $(w)). In terms of 0°-001. 

0 $ (2) + $(2) I. Il. Ill. IV. We Vee Avaya e00e 

1=0 0 0 1 i 1 2 2 
118 — 6 —1 3 « 5 —2 0 0 —2 
120 13 5 4 -—T7 9 11 5 0 
122 26 0 6 0 3 7 rl 
124 9 1 1 1 12 2 
126 14 2 4 |) —4 3 
128 29 —1 0 1 
130 17 1 | —6 
132 L=33 =i 9 
134 80 i 


The curve must now be made to pass through the standard points. 
This operation is performed as in the previous example, the formula 


in this case being 
(paso eats f 


“40 


It is unnecessary to give details. 


points are :— 


2 + $ (2) +0280 — SR yb 


40 


The correction for the initial 


Taste L. 
100 0 110 140 
102 81 112 102 
104 119 114 111 
106 146 116 113 


108 151 
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The curve is exhibited in fig. 3, Plate I. 

(34) On comparing the two methods a glance at the first and second 
approximation curves in fig. 2, Plate II., and fig. 1, Plate III., establishes 
a primd-facie case in favour of that adopted by Professors Thorpe and 
Riicker. In von Oettingen’s method there is a considerable difference 
between the two curves at the part affected by the additional measures, 
and also at the points where the initial and upper point curves overlap. 
In the curve obtained by the second method, the agreement is perfect at 
the top of the scale, and very much better in the neighbourhood of the 
overlap. The greatest difference occurs at the points which the previous 
discussion indicates as the weakest—namely, the lower initial points. 
The much closer agreement between the values of h’,— m’, and of 
h',. — 1m! — a,, exhibited in fig. 3, Plate III., than between those in 
fig. 3, Plate IL., is also a point in favour of attributing the weight 10 to 
the initial point curve. 

It is, however, possible to submit the differences in the neighbour- 
hood of the overlap to a closer investigation. The values of k’’ in Tables 

_XXXIT. and XLV. enable the correction of the initial points to be carried 
a stage further. It follows from the investigation of the correction of 
the initial points already given (p. 187) that, just as in the first approxi- 
mation, the process of combining the initial and upper point curves 
changes ¢ (i,) into @ (i) + 7,; so, in the second approximation, it will 
change ¢/ (i,) into ¢’ (i,) + a’,. Hence, if Y/ (i,) is the difference be- 
tween the second and first mean curves at the 7‘ initial point, 
Va" G+. 

| By a method similar to that by which the correction was obtained in 
the second approximation, the third correction is now found to be 

$” (i,) =H, — 4, + 8', + ay {6° Case) + 9! tan) + be} 
—¢(i,) -—¢' G,) —2, — a’,. 
| Now, since in Tables XXXI. and XLV. the whole correction is taken 
out—i.e. ¢, (w)—and not merely the difference between the first and 
‘second approximations—i.e. ¢’ (w). 


We. + ty {9 (Uy) +! (t,) + &e.} =h",; 


and since ¢ (i,) = H, —i,, 
and o',.=w' (i) —¢' (,), 
it follows that o” i) =h",.— o, — V' (i,). 


As a, + W’ (i,) is the difference between the second mean curve and 
the first initial point curve, this expression is exactly comparable with 
that obtained in the first approximation. 

In Table LI. the values of ¢’’ (i,) are calculated according to both 
methods. 

The values of ¢” (%,.) require the addition or subtraction of a constant 
in order to bring the curves given by them into agreement at one point 
with that obtained from the second mean curves. The corrected curves 
could then be made to pass through the standard points. 

As, however, the values of ¢’’(7,.) are nearly the same at 100° and 
116°, and as the resulting corrections are very small, no appreciable 
error will be committed if they are considered as applied directly to the 
standard curves. A third approximation to the corrections of the initial 
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points may therefore be obtained, under conditions such that the two 
methods may be compared by adding to the values of 9” (i,) the correc- 
tions for the initial points taken from the standard curves, together with 
the constants (K) necessary to make the corrections at 100° zero. 

This operation is performed in Table LIT. 


Taste LI. 
Expressed in terms of 0°-001. 
VON OETTINGEN. 


P Way), 
h",, Dry ‘ nes 
from Table XXXI. | from Table XXVIL Bens Lahey $"Gr) 
98 —15 0 —4 —ll 
100 — 7 0 2 — 9 
102 — 2 0 8 —10 
104 2 0 10 — 8 
106 5 25 — 7 —13 
108 3 28 -— 8 517 
110 — 2 14 — 5 1h! 
112 10) 18 — 5 —13 
114 -— 5 10 — 3 -—12 
116 —13 0 — 3 -—10 
THORPE AND RUCKER. 
Ae Or f ees $ ( ) 
ry , ig rom Curves h @ 
from Table XLV. from Table XLI. fig. 1, Plate III. a 
98 -—19 0 -15 —4 
100 —10 0 — 5 = 
102 | — 3 0 2 —5 
104 1 0 5 -4 
106 5 5 4 —4 
108 + 7 2 —5 
110 1 4 1 —4 
112 2 5 0 -—3 
114 — 2 By — 1 4 
116 — 9 0 — 6 -—3 
Taste LIT. 
Von Oettingen Thorpe and Riicker 
Second approxm. | Third approxm. | Second approxm. | Third approxm. 
from Table XXXVI. CE) from Table L. c= 
100 0 0 0 0 
102 79 78 81 81 
104 118 119 119 120 
106 151 147 146 147 
108 159 151 151 151 
110 41 139 140 141 
112 107 103 102 104 
114 iiss 112 111 112 
116 115 114 113 115 
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In Table LIT, the last three columns are in yirtual agreement, while 
the second differs from all of them in that the correction in the neighbour- 
hood of 108° is too great. This is exactly what would occur on the 
assumption that von Oettingen had not given sufficient weight to the 
initial point curve. 

The maximum error would occur in the neighbourhood of the point 
where the initial and upper point-curves first overlap, as there, owing to 
the small number of the upper point-curves, the errors introduced by 
them would be most important. The nature of the error would be such 
that the correction curves would be deflected too far in the direction of 
the upper point-curves, and finally it would be eliminated by a sufficient 
number of approximations. 

All these conditions are fulfilled. The overlap begins at 106. At 
that point there is a sudden increase in the difference between the first and 
second approximations, which is a maximum at 108°. The upper point- 
curves lie above the initial point-curve; and the second approximation, 
given by von Oettingen’s method, lies above the third. The third 
approximation agrees very closely with the second and third approxima- 
tions obtained by Professors Thorpe and Riicker’s method, which are them- 
zelves in virtual agreement. 

The upper part of von Oettingen’s curve is, however, for the most 
part above that obtained by the other method, and this error is no doubt 
due to the less rapid approximation obtained by ranking the initial point- 
curve as equal to one of the upper point curves only. 

On these grounds, therefore, the curve calculated, on the supposition 
that the initial point-curve is equivalent in value to ten of the upper 
point-curves, will be taken as the standard. 

(85) Only one other point with regard to Bessel’s method requires 
investigation, viz. the error introduced by the measurement of the thread, 
not at, but near, the principal points. Let the true lengths of the divi- 
sions on which the upper and lower ends of a thread lay be 1 + d, and 
1 +d; Let y be the fraction of the division in which the lower end lay 
by which that end was distant from the principal point. Had the thread 
been pushed back through this distance its length would have been 
increased by y(d,, — d;). 

All the numbers in Tables XX. and XXI. must therefore be increased 
by this amount. Assuming y to have a mean value 7 throughout, and 
inserting this correction in the formula on p. 182, it is easily proved that 
the added correction of U,,. is 


where &,.d,, and 3, d,, are the sums of all the values of d, in the 7" row, 
and the &» column respectively, and 3, 5, d,, is the sum of all the values 
of d,,. 

The correction for the 7* initial point is increased by 7 {3,d, — d;. 

On taking out the values of d, and d; from the curves in fig. 1, Plate 
III., it is found that the largest correction for any upper point is 
00029, and for any initial point 0-0039, and since the value of 7 is about 
0°3, the error introduced cannot exceed 0°-001. The mean curves may, 
therefore, as far as this error is concerned, be taken as correct to 0°-001, 
and it has therefore been neglected. 
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Defect of Errors in Measurement of Threads. 


(36) The errors introduced in a correction-method depend partly upon 
the magnitude of the false assumptions made in the method itself, partly 
upon errors in the measurement of thread. 

It has been shown that the former may be obviated to a great extent 
by approximation or transference ; it remains to investigate the latter. It 
has been thought better to treat of this subject by itself in order to avoid 
the complication which it introduces into the discussion of the various 
methods. It is proposed here to investigate the probable errors of the 
corrections of the principal points in terms of the errors in the thread- 
measurements. The probable error of a thread-measurement will be 
considered the same in all cases and taken =e. It must, however, be 
remembered that, in all probability, for reasons already given, long 
threads are less accurately measured than short. 


Gay-Lussac’s Mrrnop. 


The equations (1) (p. 164) show that in the case of Gay-Lussac’s 
method the correction for the 7 principal point is 


. r ; r n—?T 
$(t,) = 71T — 3,"t, = 4 ibs Dit le ae ae ty, = 


Hence if &, be the probable error of the correction at this point, since all 
the ?’s are independent measures 


z TEN9 > hal 
BA (re aed + OD et SD 
Ve n fa 


Hence if » = 10 the squares of the probable errors at the first, second, 
&c., points are proportional to = = &e. 

These numbers are plotted down and give the curve indicated in the 
figure on p. 158. 

Rupsera’s Mernop. 
It will be sufficient tv consider the case of division into six parts. 
The above formule give at once 
2 2 
E,” — 5 pe = Ey =— 3 e?, 


Since the shorter thread is found as the mean of three independent 
measures its (probable error)? = 2 and since this thread is measured 
independently of ¢(3), and ¢(1) is found from the equation 

—97) = 1 — t — (3), 


where all the quantities on the right are independent 


1) 2% a e" = 183 : 
(p.e. ¢(1)) 3 +e? + 5 e, 


A curve is drawn through the points thus obtained in the figure on p. 158. 
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Hiuistrom’s Mrrnop. 


In the case of Hillstrém’s method the relation between the corrections 
and the thread-lengths are more complex. They may, however, be 
obtained as follows. In Table LIII. the first column gives the various 
6’s, the other columns the coefficients with which 7’s and o’s occur in 
the expressions for them. 

Thus, for instance, 6 (2) =6 (1) + 6, —o,—73 +74, and so on. 
These are obtained from the formule given above (p.170), and from them 
106, is found. Using the value thus obtained, and remembering that 
(mn) =0 (1) +6 (2) +... . 46 (n), the values of the ¢’s are found in 
Table LIV. These have been checked by comparison with Table XIV. 


Taste LITI. 
Probable errors. 
I. ®(1)| os o4 72 73 T4 75 76 77 73 is) 710 

(1) 1 

5(2) J 1 —1 —1 1 

5 (3) 1 1 —1 

5 (4) 1 ] -1 

5 (5) 1 nl —1 1 —1 

5 (6) 1 1 —1 1}; -1 

6 (7) il il —I 1 -1 1} -1 

5 (8) mt i —1 1 | =1 1} -1 

5(9) 1 1 —1 1 =] Lh —1 1} —1 

5 (10) 1 1 —1 1} -1 be =2 1} —-1 
“.—106(1)|} = 5 —5 4 —5 4 —] —1 —1 

Table LIV. 
Probable Errors. 
Sum of 

~ (1) | —'5 5 | —"4 5 | —°4 Bil Si jl 110 
(2) —'8 2 2 2 2 0°80 
~ (8) | —"5 J) |) ack |r) | jets: 3 3 |°3 1:10 
¢ (4) —'6 48 +4 “4 “4 1:20 - 
(5) | —'5 D5) — 3h il "5 ot) 3) 2°50 
$ (6) —4 —"4 —4 6 6 1-20 
~ (7) | —*5 5 2 —b 2)—1 icn|| = ol 7 af 4:30 
(8) —2 —'2 —2 — 2 8 0:80 
o(9) | —"5 *B “4 | —°5 4)—1 9|/—1 9/—1/°9 6°50 
¢ (10) (0) 0 0) 0 0 0 0 0) 0 0/0 0 


Since now each of the o’s and 7’s is an independent measure, it is 
evident that the square of the probable error of the correction of a 
principal point = square of probable error of a measurement x the 
sum of the squares of the coefficients in Table LIV., and is therefore 
proportional to the number given in the last column of that Table. 


‘ 
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A curve is, as usual, drawn in the figure on p. 158. If an hypotheti- 
cal r, is introduced, the correction may be expressed by the following 
formule. 

For the odd points, 


0°5 (04 —o3) — 0°5 (ro —73 +74) $71 


tii tr trot... trof 


7 
10 

—f{rptrgt....4+7,}, 
and for the even points, 


tl retrte trob—{utu tee td, 


where in each case n is the number of the principal point. 


Tutesen’s Mreruop. 


In the case of Thiesen’s method the relation between the corrections 
and the measures is simpler. Suppose the observations complete—i.e. no 
threads to be wanting. 

Referring to the table on page 172, it is evident that the correction for 
the »*? principal point is the sum of all the columns up to and including 
the rt divided by 10. But the figures in any rectangle of which the 0’s 
form the diagonal cancel one another. Thus the correction for any 
point is one-tenth of the sum of the figures in all the columns up to the 
eh with the rectangle in question cut off. 

For instance, if in Table XVI. (p. 174), the blank space be filled up 
with the correct number afterwards found, the correction for ¢, is one- 
tenth the sum of the figures. 


13 --- - 37 nee seeeee -§ - . 
8 - oo Arms eane eres, 
ooo eee 8 
Peneay ~Bé 


All the numbers in any diagonal such as that through which the 
line is drawn are obtained from the same thread. They are the 
differences of successive thread-lengths, and therefore their sum depends 
only on the first and last. In other words, the number of independent 
“measures used in finding the corrections is twice the number of the 


diagonals, i.e. it is in all cases 18. 
18 


Hence (probable error of correction)? = 102° I= 1B et 


The curve is drawn in the figure on p. 158. 


Mirex’s Mertuop. 


Marek gives the formule for finding the probable error of a correcfion. 
When, as is the case worked out, the tube is divided into five parts, the 
(p. e’s) ? are 

07 0:29e7 02867 O28e7 0298? 0 
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These are, of course, not comparable with the others above obtained, as 
the subdivision of the tube is different. 

If the tube is divided into five parts by Thiesen’s method the (p. e)? 
== UB Pad 


Besseu’s Metnop. 


The above method is not strictly applicable to Bessel’s corrections, 
but it may be approximately applied as follows :— 
Each value of h, depends on 10 independent measurements. Hence 


(gp: 6%? = = &e. 


Each value of ¢ (U;,.) depends on 100 measures. 

Ten of these are introduced with the coefficient 0-1 in x, ten (of 
which one is common to this and last group) with the coefficient 0-1 in 
h,, and 100 with the coefficient — 0:01 in the m. One, viz., w,,. itself, 
appears again with the coefficient — 1. Hence 81 will have the 
coefficient — 0°01, 18 will have the coefficient 0°09, and 1 the coefficient 
—1+4 02 —001=-—~-81. Hence the probable error of a single thread- 
correction is :— 


{81 x 0:0001 + 18 x 0:0081 + (-81) 2} 22 = “81 e2, 


a result which strongly confirms the view expressed above as to the rela- 
tive values of the initial point and other corrections. 

Let it next be supposed that all the corrections in the diagonal which 
passes from the lower left to the upper right-hand corner of Table XIX. 
(p. 180), refer to the same point. 

Hence the final correction will be the mean of the ten. These are not 
independent. Hach number in the Table will occur ten times. 

Ten, viz., the numbers in the diagonal, will have the coefficient — 0°81 
once, and — 0°01 nine times. Their coefficients in the mean will therefore 
be — 0:09. The remaining ninety will have the coefficient 0-09 twice, 
and — 0:01 eight times. Their coefficients in the mean will therefore be 

1 
751 018 — 008} = 0-01 


Hence the probable error of the correction will be e?, multiplied by 
10 x (0:09)? + 90 x (0°01)? =0:081 + 0:009 = 0:09. 
For comparison with the other methods referred to, it would be better 
to take Bessel’s method with five principal points 4° apart. The probable 


errors of an initial point, and a mean upper point, would then be 0:2 e? and 
“15 e?, respectively. 
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Second Report of the Committee, consisting of Sir A. C. Ramsay, 
Mr. THomas Gray, and Professor JoHn Minne (Secretary), 
appointed for the purpose of investigating the Earthquake 
Phenomena of Japan. Drawn wp by the Secretary. 


Tue seismological work which I have been engaged upon since the 
British Association, in 1881, generously placed in my hands a grant of 
25. as an assistance towards the investigation of the earthquake pheno- 
mena of Japan, has been partly the continuation of experiments and 
observations on which I was previously engaged, and partly an endeavour 
to carry out experiments which are more or less new. 

The results of a portion of this work have already been published in 
the ‘Transactions of the Seismological Society of Japan.’ The greater 
portion, however, of the observations which have been made are still in a 
rough form, and considerable time and labour will have to be expended 
upon them before they are ready for publication. The results to which 
many of these observations lead are, however, sufficiently well defined to 
be described in general terms, and this I propose to do in the following 
brief report. The order in which the various investigations are referred 
to is as nearly as possible the same as that which was followed in my first 
report to this Association. They are as follows :— 

I. Determination of the areas from which the shakings so often felt in 
Tokio and Yokohama emanate. 

In my first report it was stated that the origins of three earthquakes 
had been located near to or in the Bay of Yedo, at no great distance from 
Yokohama. Owing to the fact that there was often a confusion of normal 
and transverse vibrations, or to the fact that even if the ground moved 
backward and forward in a definite direction this did not of necessity 
correspond to the direction of a line connecting the point of observation 
and the crigin, the origins of many other earthquakes which had been felt 
had not been determined. 

During the last year, in consequence of my having established at 
various places a number of instruments which give graphical records of 
all the prominent vibrations of an earthquake, instead of simply indicating 
the extent and direction of the maximum disturbance, I have been 
enabled to determine approximately the origins of a considerable number 
of disturbances. The instrument here referred to I call a pendulum 
seismograph. It is described in Vol. IV. of the ‘Transactions of the 
Seismological Society.’ 

These instruments have been distributed as follows :— 


1. With F. Ringer, Esq., at Nagasaki, 550 geo. miles W.S,W. from Tokio. 


2. ,, St. John Browne, 
Esq., » Kobe, 240 a9 W. by S. me 
3. 4, A. Owston, Esq. ,, Yokohama, 15 7 SOW. by Sa. 
a5 ,,  W.H. Talbot, Esq., ,, - 3 3 By 6 
5. ,, A Japanese gentle- ,, Chiba, 17 > E. by S. os 
man, 
6. 5 = * », Kisaradzu, 15 i S.E. by §. i 
lee -95 5 1 », Kamaishi, 120 % N.N.E. A 
8. At my own house, » Hakodate, 375 f N. by E. s 
S ,, HF. Fukushi, Esq., ,, Saporo 450 3 N. by E. ¥ 
10. a =a = ” Tokio. 
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Examples of the records obtained from these instruments, which 
records are written on plates of smoked glass that are subsequently var- 
nished and photographed, are given with the description of the instru- 
ment. The greater number of earthquakes which have been recorded 
in Tokio have also been recorded in Yokohama, Chiba, and Kisaradzu, 
Now and then the same earthquake has also been recorded in Kamaishi, 
and now and then even in Hakodate and Saporo. In no instance during 
my seven years’ residence in Japan have earthquakes, even when they 
have originated so near to Yokohama as to destroy chimneys and to 
completely unroof houses, been propagated so far south as Kobe. So 
far as ordinary earthquakes are concerned Kobe belongs to a special 
seismic area. Nagasaki in a similar manner is independent of all the 
other districts where seismographs have been placed. The reason why 
an ordinary earthquake in North-Eastern Japan is unable to spread far 
beyond Yokohama towards the south-west apparently depends upon the 
fact that in going southwards it is intercepted by many high and 
broad tracts of mountainous country. For a similar reason these same 
earthquakes are unable to cross the central backbone of the island, and so 
disturb the inhabitants upon the eastern shores. These facts have been 
illustrated in a very remarkable manner during the last year by an 
analysis of some hundreds of communications which I have received from 
various parts of North Japan. 

These communications were obtained by sending to the Government 
offices at all the important towns within a radius of from 60 to 100 
miles of ‘Yedo bundles of post-cards, with a request that every week one 
of these cards should be returned with a statement of the earthquakes 
which had been felt. The result obtained by the examination of these 
communications showed that a great number of earthquakes came from 
the north-east, and hardly ever passed the ranges of mountains to the west 
and south-west. Subsequently the boundary of the post-card area was 
extended farther to the north, and the result which was obtained showed 
that many earthquakes came from the sea on the east. The general 
results obtained by this system of investigation are exhibited in a seis- 
mological atlas which is being prepared for North Japan, in which the 
area shaken by every shock has been tinted, the dark tints indicating 
where the shock was most severely felt, or where there were a number 
of shocks at short intervals corresponding to the single shock felt at 
more distant localities. The information to be derived from this series 
of maps is— 

1st. An approximate origin for many of the shocks, which is of great 
value as a check upon the records of instruments and an assistance to 
their interpretation. 

2nd, In North-Eastern Japan there appear to be several seismic 
centres, and from these centres ordinary disturbances only radiate into 
surrounding districts, the boundaries of which are sharply defined by 
certain ranges of mountains. 

3rd. The greater number of seismic centres appear to be beneath the 
ocean. 

4th. In the case of heavy shocks, and shocks which have originated 
some distance out at sea, the disturbance may be felt over the whole or a 
great portion of North-Eastern Japan, from Saporo and even Nemuro in 
the north to Yokohama in the south. 

5th. Although disturbances may be felt for several hundreds of miles 
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along the eastern shores of Japan, it is seldom that they cross the moun- 
tains to the north-western coast, which is singularly free from earthquakes. 

One inference to be drawn from the above observations is that the 
disturbance, as felt upon the land, is to a great extent superficial, and on 
reaching the mountains is either destroyed by reflections and refractions, 
or else absorbed by their mass. 

In the case of earthquakes where there were prominent vibrations 
having a definite direction, a prolongation of lines parallel to these 
directions through the observation stations has given intersections 
corresponding with the locality in which we should seek for the origin of 
the disturbance from the records of the post-cards. When prominent 
movements in two or more directions had been recorded, the one which 
had to be taken to represent the normal motion was indicated by the 
approximate origin shown by the post-cards, 

These determinations were further checked by time observations, 
usually made in Yokohama, Tokio, and Chiba. Sometimes they were 
also made in Saporo and Hakodate. Assuming these time observations 
to have been correct, and the velocity of an earthquake to be constant, it 
is theoretically possible by several methods to determine the origin of a 
disturbance. Although these methods fail in practice, chiefly owing to 
the fact, which I will speak of presently, that the assumed velocity is not 
constant, the observations lead to very sure and practical deductions as 
to the direction in which we are to look for the origin of a shock. 

II. Velocity of Propagation of an Earthquake Wave. 

The observations which I have been enabled to make upon the 
velocity with which earthquake motion is propagated are dependent upon 
the accuracy of time observations made at the localities just mentioned. 
In Tokio and Yokohama the observations were usually made automa- 
tically, by means of an instrument (which I have described in Vol. IV. of 
the ‘ Transactions of the Seismological Society of Japan,’ under the name 
of a ‘Time Taker’), which gives a record of the time of a disturbance 
without stopping or retarding the clock from which it was taken. At Chiba 
and Kumagai the records were taken by telegraph operators by means of 
watches which I provided for them. At the remaining stations the 
observations were made similarly. All watches and clocks were from 
time to time compared with a telegraphic signal sent daily from the 
Meteorological Department in Tokio throughout Japan. The only ex- 
ceptions were Hakodate and Saporo, where the observations were made 
at observatories well provided with the necessary means of obtaining 
accurate local time. 

The conclusions which these observations lead me to draw are— 

1. Different earthquakes, although they may travel across the same 
district, do so with different velocities, varying between several hundreds 
and several thousands of feet per second. 

2. The same disturbance is propagated with a decreasing velocity, 
travelling very much more quickly across districts which are near to the 
origin than across districts which are far removed. 

3. The greater the initial force producing a disturbance the greater 
the velocity of propagation. 

As examples of the observations which have led to these deductions I 
quote the following :— 

1. The earthquake of October 25, 1881. 

The origin of this was about 41° N. lat. and 144° 15’ E. long. From 
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the Hakodate homoseist this shock travelled at the rate of about 
10,219 feet per second to reach Tokio. Between Tokio and Yokohama 
the rate of propagation appears to have been about 4,500 feet per second. 

2. The earthquake of february 6, and two disturbances on March 1,1881. 

These disturbances, like that of October 25, appear to have travelled 
in a straight line through Tokio and Yokohama. Their velocities of propa- 
gation were respectively about 3,900, 1,900, and 1,400 feet per second. 

3. The earthquake of February 16, 1881. 

This shock appears to have originated in Yedo Bay, about eight miles 
east of Yokohama. From the Yokohama homoseist the velocity with 
which the shock travelled on to Tokio was about 2,454 feet per second. 

4. The earthquake of March 11, 1881. 

This disturbance originated at a place about nineteen miles 8.S.W. 
from Chiba. The shock was a severe one. From the Tokio homoseist 
it appears to have travelled at the rate of 2,200 feet per second on to 
Yokohama. 

No doubt, notwithstanding the care which has been taken to have 
the time observations correctly recorded, it is possible that there may be 
errors due, for instance, to observers or instruments at the different 
stations making their records at different portions of the disturbance. 
Also there may be differences in the calculated velocities due to differences 
in the topographical and geological nature of the districts traversed by 
the disturbance. 

Although causes such as these may lead to a want of accuracy in the 
calculations which are here presented, I still regard the results of these 
calculations as indicating general laws. This view appears to be confirmed 
by the analysis of a table of earthquake velocities which I have compiled from 
the writings of various earthquake investigators, and also from the result of 
experiments on artificially produced disturbances yet to be referred to. 

III. The Nature of Earthquake Motion. 

In my first report to this Association I stated, 1st, that although the 
upper portions of buildings may at the time of an earthquake move 
through a considerable distance, the actual motion of the ground does not 
msually exceed a few millimetres, and is often under one millimetre ; 
2nd, the backward and forward motions of the ground are very irregular, 
both as regards period and amplitude; drd, that there are seldom more 
than two or three vibrations per second ; and 4th, that the motion often 
takes place in more than one direction. 

To these observations, which have received further confirmation from 
records of earthquakes taken during the past year, I may add that in 
certain earthquakes where there are one or more prominent vibrations or 
what might be called shocks— 

lst. That the motion of the ground inwards towards the origin of the 
disturbance is usually much greater than the motion outwards. 

2nd. That the velocity, and consequently the acceleration of an earth 
particle for the inward motion, is usually very much greater than for 
the outward motion. 

In certain instances these two characters—which are of great import- 
ance, not only as indicators of the side from which the disturbance came, 
but also as indicators of the nature of the cause of the disturbance—I 
have sometimes observed, not simply in one or two vibrations of a dis- 
turbance, but in nearly all the vibrations which were sufficiently well 
defined to be analysed. 
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Further, it may be added that certain semi-vibrations have been 
described by the pointer of the seismograph moving across a moving 
record receiver in the direction of its motion, which have the anomalous 
appearance of having been described in less than no time. 

From these observations it would appear that it is hardly safe for us 
to regard the backward and forward motion of the earth as simple 
harmonic motions, and maximum velocities and accelerations calculated 
upon such an assumption may possibly lead to false results. 

IV. An endeavour to find out the relative extent and variation in 
direction of the motion of an earthquake at neighbouring points in a given 
area, the contour and geological structure of which is irregular. 

To work out this problem seven similar seismometers were distributed 
on the hills and in the valleys near my house. The chief difficulty which 
had to be overcome in this investigation was to obtain a type of seismo- 
meter which, whilst magnifying the actual motion of the ground, was 
sufficiently simple to allow of a number being employed, and which, when 
under the same conditions, would give the same result. The results of 
experiments to find such an instrument are given in Vol. III. of the 
“Transactions of the Seismological Society.’ The seismometers which 
were chosen consisted of heavy pendulums suspended in cases to shield 
them from currents ofair. Against the bobs of these pendulums, in grooves 
at right angles to each other, slips of wood were placed. At the time of 
an earthquake these, being pushed against the pendulum by the motion 
of the stands on which they rested, caused pointers which were attached 
to them by one thread of a bifilar suspension to swing round and give a 
magnified representation of the motion which had taken place. 

The so-called hills surrounding the plain of Tokio are irregular, flat- 
topped spurs, jutting out from an elevated plateau about 100 feet high 
into the flat plain on which a great portion of the city of Tokio is situ- 
ated. The area over which the seismometers were distributed had a 
radius of about a quarter of a mile. Two of the seismometers were 
placed on the top of the spurs, two‘were placed near together on the side 
of a spur, whilst three were placed at different points on the plain. 

The results obtained from the records of fourteen small earthquakes 
are :— 

Ist. That the maximum amplitude of motion and the direction of 
motion at all the stations were different. 

2nd. The greatest motion was experienced upon the flat ground, and 
the least upon the hills and their flanks. 

These results have been confirmed by observations made with other 
instruments. For instance, one of Professor Ewing’s bracket seismographs 
at the University, situated on the flat ground of Tokio, usually records a 
much larger amplitude of motion than seismographs constructed on similar 
principles placed at my own house, situated on a small plateau half-way 
up the side of a hill about a mile distant from the University. Also the 
duration of a disturbance is longer on the low ground than it is upon the 
high ground. As an example, the earthquake of March 11, 1882, may 
be quoted. At the University this disturbance lasted about 44 minutes, 
the maximum amplitude of motion being 8 millimetres; at my house the 
motion could only be traced upon the moving plate on which it was 
recorded for a period of about 1} minute, and the maximum amplitude 
was about 3 millimetres. That there is less disturbance upon the hills 
than in the plain at Tokio is a fact that has long been recognised by the 
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Japanese. It was especially remarked at the time of the destructive 
earthquake of 1854. 

In Yokohama, sixteen miles to the S.E., where the high and low 
ground has almost exactly the same topographical character as at Tokio, 
the rule appears to be reversed. This was clearly evident in February 
1880, when the shattering of chimneys, unroofing of houses, and destruc- 
tion generally was almost wholly confined to the high ground. In 
Hakodate the rule appears to be like that for Tokio—namely, that the 
greatest disturbance is felt upon the low ground. 

In consequence of the great difference in motion observed in places 
which are adjacent to each other, I have hitherto been unable to make 
any satisfactory determination of the manner in which an earthquake 
dies out as it radiates from its epicentrum, although on many occasions I 
have obtained a number of diagrams for the same earthquake from 
distant stations. 

V. Experiments on artificially produced Earthquakes. 

In 1881, in conjunction with Mr. Thomas Gray, I made experiments 
upon a series of artificial earthquakes produced by allowing a heavy iron 
ball to fall from various heights up to 35 feet. 

During the past year I continued these experiments on a larger and 
more satisfactory scale, the disturbances being produced by charges of 
dynamite exploded in bore-holes usually about 10 feet deep. In the first 
two sets of experiments the vibrations resulting from the explosions were 
_ simultaneously recorded upon moving glass plates at three stations. 

In consequence of the great increase in the intensity of the initial 
disturbance as compared with that obtained from the falling ball, the result- 
ing diagrams showing the backward and forward motions of the ground 
were much larger, and, therefore, better fitted for analysis than those 
which had been obtained previously. It also became possible to place 
the observation stations at greater distances apart, and thus errors in the 
calculation of velocity arising from inaccuracy in time observations were 
considerably reduced. 

The results obtained were a confirmation of results which had been 
previously obtained. They were, briefly— 

1. A graphic separation of normal and transverse vibrations, 

2. A determination of the relative amplitudes and periods of these 
vibrations at various points. 

8. The determination of the manner in which these vibrations became 
extinguished. 

4, The velocity with which these vibrations were propagated. 

To these observations the following may be added :— 

5. Vibrations, especially those performed ina normal direction, take place 
more rapidly near to the commencement of a disturbance than at the end. 

6. The greatest motion of the ground, as shown by the normal vibra- 
tions, is inwards towards the origin of the disturbance. 

7. The direction in which the ground moves with the greatest velocity 
is also inwards towards the origin of the disturbance. 

8. The motion does not appear to be simple harmonic. 

9. The vertical motion is not due to a direct shock, but to a surface 
undulation. 

10. The velocity of propagation of a disturbance is not constant, but 
varies with the distance from the origin. 

The last observation led to three new sets of experiments being 
undertaken, the chief object of which was to determine the velocity with 
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which vibrations of various descriptions were propagated. The arrange- 
ments were automatic. The charges were fired electrically, and as the 
disturbance passed successive stations electric circuits were broken and a 
mark made upon the surface of a smoked glass plate which was moving 
at a known rate. 

The results, which have not yet been worked out in detail, are gene- 
rally as follows :— 

1. The velocity of propagation of both normal and transverse vibra- 
tions is a function. of the initial force creating the disturbance; or, 
briefly, the greater the charge of dynamite the greater the velocity. 

2. The velocity of propagation of both normal and transverse vibra- 
tions is greater between points near to the origin than between points 
which are distant. Near to the origin this velocity decreases much more 
rapidly than it does at a distance. 

When writing on this subject, I shall refer to the work done in this 
direction by Mr. Robert Mallet and by General Abott. 

VI. Haperiments to determine the relative motion of two neighbouring 
points of ground. 

In these experiments two stakes were driven in the ground at various 
distances apart up to about 2 ft. 6in. ‘Sometimes the stakes were so 
placed that a continuation of the line joining them passed through the 
origin of the disturbance, and sometimes they were placed at right angles 
to such a direction. Fixed horizontaliy upon the head of one of the stakes 
was a light rigid bar, from the end of which a light index hung vertically. 
This index at a short distance below its point of suspension, which was a 
universal joint, was caught by a second universal joint at the end of a bar 
passing from the second stake. So long as the two heads of the stakes 
synchronised in their motions, it was assumed that the universal joints at 
the ends of the bars would keep vertically beneath each other, and the index 
which they supported would remain perpendicular. If, however, there 
was a want of synchronism, the lower end of the index would give a 
multiplied representation of their relative displacements. In all cases it 
was found that there was a considerable relative motion in the direction 
of the origin. 

The chief practical value of this experiment was to see how far we 
are justified in placing two portions of a seismograph upon different 
stakes. It also shows that a building, although it may be small, may not 
be moved as a whole, but may suffer considerable racking. 

VII. Experiments on the Production of Earth Currents. 

From near the scene of the explosions a telegraphic communication 
was established across a deep moat up to a hill where the mechanical! 
disturbances were practically not observable. Hach end of this circuit. 
was put to earth by means of two long crow-bars, and in the circuit on 
the hill one of Clark’s differential galvanometers was arranged. As 
either of the crow-bars was raised or depressed it was found that the 
current passing through the galvanometer varied, sometimes being positive 
and sometimes being negative. At acertain depth, which was found bytrial,., 
the needle of the galvanometer remained at zero, and it was in this way 
that the adjustment to ‘no current’ was made previous to an explosion. 

When the explosion took place, one earth bar being at distances of 
from 10 to 50 feet, a considerable current was always produced, and the. 
needle of the galvanometer swung with violence until it reached a stop. 
The direction of swing was, in the few experiments which were made, 
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always constant. Sometimes the needle remained permanently deflected, 
and at other times it gradually fell back towards zero. 

These currents I regard as being due to a mechanical disturbance of 
one of the earth bars, causing a difference of contact with the soil; and, 
in consequence of this, an alteration in the moisture, oxidation surface, 
&c., at one end of the circuit, thus giving rise to a difference of potential 
relatively to the other end of the circuit. 

No doubt actual earthquakes act upon the earth plates of telegraphic 
lines in a similar manner, but the currents which are in this way pro- 
duced at the time of an earthquake are due to different causes than those 
which appear sometimes to have preceded earthquakes by considerable 
intervals of time. 

In the experiment upon artificial earthquakes my thanks are especially 
due to Mr. T. Fujioka and Mr. M. Kuwabara, of the Imperial College of 
Engineering, and not least of all to Mr. John Reid, agent of Nobel and 
Co., and to Mr. Denys Larrieu, who not only furnished me with dyna- 
mite, but on several occasions also gave me their personal assistance. 

The great difficulties which had to be overcome in making these 
experiments, as, for instance, obtaining dynamite from the Government 
stores, its transportation, its storage, the difficulties in obtaining a piece 
of ground on which to experiment, manufacturing the necessary instru- 
ments, obtaining telegraphic wire and firing apparatus, the making of 
electric fuses, the anxiety lest accidents should occur, the training of a 
body of assistants, the putting in of bore-holes, the almost unexceptionally 
bad weather which had to be encountered on days for which permission 
had been obtained, &c., have already been referred to in a letter to this 
Association. 

For the use of the ground where the experiments were performed and 
for the loan of numerous tents for the places where the instruments were 
established, and for a body of attentive servants, my thanks are due to His 
Excellency General Yamada, Minister of the Interior, and to Mr. Arai 
Ikunosuke, Director of the Meteorological Department. For the loan of 
telegraph wire, firing apparatus, and other instruments I tender my 
thanks to the directors and officers of the Department of Public Works, 
especially the Department of Imperial Telegraphs, the Naval and War 
Departments, and the Imperial College of Engineering. 

Although several good diagrams of actual earthquake motion were 
obtained, in consequence of my instruments being continually removed 
for the purpose of making experiments on artificial disturbances, each set 
of which took several weeks’ preparation, many earthquakes were passed 
by unrecorded. Had the instruments, however, been continually in their 
places, the records would not have been so numerons as in previous years, 
the last season being comparatively a poor one—there only being between 
May 1881 and May 1882 fifty-seven shocks, as compared with eighty 
which were felt during the corresponding period of the previous year. 

The greatest activity was in February and March. 

Although earthquake disturbances were comparatively few in the 
Tokio area, the records obtained by the help of post-cards from the 
districts north of Tokio show that during certain months there was in 
North Japan an activity greater than was anticipated. In fact, judging 
from the records which were obtained although the season was a poor 
one, it was calculated that, taking Japan as a whole, there were every 
year, on the average, two or three shocks per day, a number as great 
as that which is usually assigned for the whole world. 
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Eighth Report of the Committee, consisting of Professor E. Hut, 
the Rev. H. W. Crosskey, Captain DouGLas Garon, Professors 
G. A. LeBsour and J. PREsTwicH, and Messrs. JAMES GLAISHER, 
E. B. Marten, W. Motyneux, G. H. Morton, W. PENGELLY, 
JAMES PLANT, JAMES PARKER, I. Roperts, C. Fox STRANGWAYS, 
Tuos. 8. Stooxe, G. J. Symons, W. Torley, TYLDEN-WRIGHT, 
E. WETHERED, W. WHITAKER, and C. E. DE Rance (Secretary), 
appointed for the purpose of investigating the Circulation of the 
Underground Waters in the Permeable Formations of England, 
and the Quality and Quantity of the Water supplied to various 
Towns and Districts from these formations. 


EicatT years have elapsed since this Committee commenced to investigate 
the circulation of underground waters, and the quantity and character of 
water supplied to towns and districts so derived. 

From 1874 to 1878 the Triassic and Permian formations were alone 
under consideration ; in that year the Jurassic rocks were added to the 
scope of the enquiry, which at the York meeting was enlarged to include 
the whole of the permeable rocks in England and Wales. 

The Triassic and Permian rocks of Devonshire are described in the 
first, fifth, and sixth reports ; of Somersetshire in the first; of Leicester- 
shire in the first, fourth, and fifth; of Warwick in the second, fourth, 
and seventh ; of Nottingham in the second and sixth; of Cheshire in the 
second, fourth, and fifth; of Lancashire in the first, second, third, fourth, 
sixth, and seventh; of Yorkshire in the first, second, third, sixth, and 
seventh; of Shropshire in the sixth.! 

Through the removal to South Africa of the member of the Committee 
taking charge of Staffordshire, this district is still incomplete, but some 
information as to the Burton-on-Trent area is given in the first report. 

In Devonshire the enquiry was carried on by Mr. Pengelly, F.R.S., 
supplemented by details obtained by Mr. Stooke, C.E. The Triassic rocks 
of the district have been made the object of careful study by Mr. W. A. E. 
Ussher. From his investigations it would appear that the sequence ex- 
hibited has more in common with the Trias of the French side of the 
English Channel than with that of the midland counties. In Devonshire 
and Somersetshire the sandstones and conglomerates appear to have been 
deposited in a distinct basin to that north of the Mendips, the Keuper 
marls being alone common to the two districts. 

The basin south of the Mendips is remarkable for having a series of 
marls intercalated in its sandstones, called by Mr. Ussher the ‘ Middle 
Marls’; these underlie sandstones beneath the Keuper marls. The con- 
glomerates have a distinctly local character, and when present are plenti- 
fully water-bearing, as are the sandstones, though to a somewhat less 
extent. 

Private supplies are obtained by wells at Torquay, where the water- 


1 Report of British Association for 1875 (Bristol) contains first report ; that for 
1876 (Glasgow) the second; that for 1877 (Plymouth) the third; that for 1878 
(Dublin) the fourth; that for 1879 (Sheffield) the fifth ; that for 1880 (Swansea) the 
sixth ; and that for 1881 (York) the seventh. 
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level is 168 feet above the sea; at Teignmouth; at Dawlish, where the 
- water-level is 71 feet above the sea; and at Bramford Speke, near Exeter. 
Near Exeter the Lyons Holt spring issues at 126 feet above sea-level, 
yielding towards the town supply 47,000 gallons daily of very pure water, 
which is extensively used for drinking-fountains. 
The following gives an abstract of the facts, of the more important 
wells in the Exeter district :— 


Locality Depth Water-level Quantity gallons 
feet above sea in 24 hours 
Lunatic Asylum, Exminster 4734 a A 13 : A 200,000 
Bridge Mills, Silverton o BUG 3 ! — 5 : 180,000 
Hele Paper Works ° » 1203. %. ; 60 ; . 259,000 
City Brewery a 3 « ‘270 ‘ Se hisiarrahe se : 4,000 
Treus Weir 3 3 . 240 - . 0 ‘ , 250,000 
Kensham Mills, Hele . - 200 F i 70 7 E 170,000 


Higher up the valley of the Exe and its tributaries private supplies 
are obtained at Crediton. 

North is the watershed separating the streams flowing into English 
‘and Bristol Channels. 

At Willington a well 230 feet above the sea is sunk to a depth of 
48} feet ; only a small quantity of water is pumped from it. 

At Taunton numerous private wells give a supply of rather hard water 
from the New Red Sandstone. 

At Somerton hard water is obtained from a well 1294 feet deep ; the 
White Lias is said to occur in it at 90 to 99 feet. 

At Wembdon a private well in triassic conglomerate yields hard 
water to a well 30 feet deep, at 60 feet above the sea. 

At Wookey, near Wells, 70 feet above the sea, a private well, 33 feet, 
yields a constant supply, uninfluenced by the seasons as to quantity, but 
‘decreases 9 feet in level after dry weather. 

In Bristol the wells vary in depth from 60 to 300 feet, some only pene- 
trating peat and gravel, others passing through triassic marls, whilst a 
few penetrate the coal measures. 

At Braysdown Colliery, near Bath, a shaft 500 yards deep, passing 
through New Red Sandstone and coal measures, yielded water at the 
bottom of the pit containing 1,008 grains of common salt, or 1,440 parts 
per 100,000. 

In the Tiverton Coal-pit, near Bath, 16,800 gallons per 24 hours are 
yielded by plastic shale in the Blue Lias, 130 feet above the White Lias, 
which is 12 feet thick, resting on 23 feet of Rhetics, lying on the New 
Red Marl; the water contains 112 parts per 100,000 of common salt. 

The Tyning Pit, Radstock, intersected a spring yielding 864,000 
gallons per day at 200 feet from the surface, at the bottom of the Red 
Marls. 

At Kilmersdon New Coal Shaft, Writhlington, a 10-feet shaft inter- 
sected a spring at 253} feet. On cutting through a hard base of stone the 
water rose 99 feet in 24 hours, and stands at this level, yielding 98,400 
gallons per day of hard water. The section passed through was liassic 
clay, black and blue marl 78 feet ; 34 feet of ‘red ground,’ with bands of 
blue stone; conglomerate 5 feet; red beds 4 feet; then conglomerate 
again ; the remainder of the section is not given. The late Mr. Charles 
Moore considered the last, 5 feet 4 inches of the Lias, in this section to 
belong to the Rheetic beds. 
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_ In reference to the information furnished by Mr. Taunton as to the 
Thames and Severn Canal, it may be well to state that the outcrop of the 
oolitic rocks has an average breadth on the dip of 25 miles. The base of 
the Oolites resting on the Lias reaches its highest point near Chipping 
Campden, 1,032 feet above the sea, on the watershed between the Thames 
and Severn basins. This, south of the Seven Wells, the source of the 
Churn, runs somewhat east of the base of the Oolite, causing the surface 
drainage of the oolitic tract around Minchinhampton, Dursley, and 
Wotton-under-Hdge to flow into the basin of the Severn. It is probable 
also that a portion of the underground drainage does so also, notwith- 
standing the general south-easterly dip, from the basement level of the 
Oolites, varying in the direction of the strike, owing to the denudation 
of the escarpment being unequal, the Oolite to the south having been 
worn back much further down the dip, and consequently to a lower 
elevation than at Chipping Campden, descending from 1,030 at the 
latter place to 212 feet in the Stroud valley, or about 800 feet in 25 miles. 
South of this valley the level rises slightly, so that a partial discharge of 
underground drainage takes place in this valley, which is immediately 
west of the point in the Thames and Severn watershed which is pene- 
trated by the canal connecting the two basins. 

Of the 25 miles of average outcrop of oolitic rocks measured on the 
dip, only about 8 consist of impermeable deposits—viz., the Fuller’s Earth, 
the Oxford Clay, and the Kimmeridge Clay,—so that two-thirds of the area 
may be considered to be of a permeable character. The vertical section 
of the Oolites is as follows :— 


Portland Oolite . F eB : F ; ._ 
Kimmeridge Clay ‘ - ; C c : ._ = 
Coralline Oolite . = 


Oxford Clay : c : : , c d - 300 
Cornbrash . - ‘ 5 , ‘ f j ‘ 8 
Forest Marble . 5 . F ‘ , , - 130 
Great Oolite - . a - ; : 5 . 200 
Inferior Oolite . A 4 : : "i : . 264 


Warwickshire information.—The southern and western portion of the 
Warwickshire coalfield is overlaid by Permian rocks consisting of reddish- 
brown and purple sandstones, intercalated with marls in lenticular beds, 
rising to a height of 622 feet at Cowley Hall, which forms part of the 
watershed between the tributaries of the Trent to the north, and those of 
the Avon on the south. ’ 

Though the surface-drainage of this Permian area flows in opposite 
directions, that portion of the rainfall percolating into the ground has a 
uniform gradient to the south, the base of the Permians, where they rest 
on the coal measures west of Atherstone, being 470 feet above the sea, 
and 170 feet under the Mithurst Tunnel of the Midland Railway, being a 
fall of 50 feet per mile, while at Warwick the tops of the Permians are 
186 feet above the sea, and as they are not less than 800 feet thick, their 
base is probably about 600 feet below the sea-level, giving a further fall 
of 786 feet in 18 miles, or a fall of 43 feet per mile. 

Hxamining the district more minutely, it is seen that though the 
Permians do not always lie conformably on the coal measures, yet 
there is a general conformity, and a synclinal flexure traversing the 
coal measures from north to south is shared by the overlying Permians, 
which have synclinal dips towards the axis of an average amount of 3°, 
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or about 270 feet per mile from the edges of the basin towards the axis, 
which occurs more to the eastern than the western margin. 

The fault throwing in the coal measures of Arley Wood is believed to 
be connected with the fault throwing back the outcrop of the main part 
of the coalfield at Broomfield Park ; but of this there is no evidence, and 
as the dips in the Permian show the flexures to be present on both sides 
of the supposed fault, its existence is very doubtful. If it occurred, and 
were a watertight barrier, the water percolating into the sandstones to 
the west of Atherstone and flowing south would be thrown out in a line 
of springs, which is not the case ; and there is no doubt that the waters 
travelling in the porous portion of the system flow south to Leamington 
and Warwick, where a portion of the supply is utilised. South of this 
point the Permians are concealed by triassic, liassic, and oolitic rocks 
in the direction of Banbury. Southwards the Permians probably wedge 
out before the Trias, which continue into the Thames basin; the water 
travelling down the dip planes of the Permian, where that formation thins 
out, probably enters the overlying triassic sands, and, prevented from rising 
higher by the Keuper marls, probably flows a considerable distance under 
the Thames basin, where its outlet being checked by the thinning out of 
the Lower Trias against the Paleozoic ridge, causes the subterranean 
Trias to be fully charged with water in a stationary condition, and thus 
limits the amount of absorption in the area of absorption. 

Between the base of the Permian and the Spirorbis limestone is 
a thickness of 150 feet, and between it and the first workable coal is a 
further 500 feet, of which a large portion consists of Permian sandstone 
fully charged with water, which was met with in sinking the Exhall 
Colliery. 


Apprnpix I.— Millstone Grit Wells. 


Collected by Mr. C. E. De Rance. 
From Messrs. Mather and Platt, Salford Ironworks, Manchester. 


Description and thickness of each Stratum bored through at Messrs. 
J. & EH. Grundy’s, Bury. 
Well 15 ft. deep 
Tt. 7 


in. ft. in. 
At 15 0 from surface . A ; 30 0O of Blue metal 
3) 4BN0 44 5 é 5 19 2 ,, Black shale and rock 
» 64 2 in - . : 0 10 ,, Coal 
5¥¢ 100.90 eS 2 0 ,, White rock 
pe eR) - - 18 0 ,, Dark grey rock 
op: OF + 5 3 0 ,, Black rock 
Py watece ty all 3 2 6 ,, Dark grey rock 
0) 8G 33 3 0 ,, Brown rock 
99 (93) 66 ir 9 6 ,, Blue metal 
» 103 0 = 14 6 ,, Dark grey rock and blue metal 
5 a6 “ 2 0 ,, Coal 
» 119 6 + 5 0 ,, Fire-clay 
» 124 6 3 0 6 ,, Brown rock 
» 125 O a - ; 19 O ,, Blue metal 
» 144 0 5 (48 yds.) vey Ov 3.4Coal 
» 145 0 7 - 5 82 10 ,, Dark grey rock 
» 227 10 uo 1 8 ,, Fine clay and white rock 
3 229) 16 = 28 6 ,, White rock 
» 258 O A 4 10 0,, do. and a few partings 
» 268 O 5 . . 10 O,, do, 
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Well 15 ft. deep. 


ft. 
At 278 
» 281 
.. 288 
» 290 
» 290 
»» 295 
3, 303 
» 304 
» 312 


» B15 


in. ft. in. 
0 from surface , = : 3 

0 mm @ 3 3 7 6 
6 35 f . = 1 6 
0 * 3 ‘ 0 8 
8 oe 5 : : 410 
6 » 7 6 
0 a 1 6 
6 a 3 é : (ew 
0 | t ; 3.0 
0 a ; 


315 from surface 


Collected by Mr. C. E. De Rance. 


From Mr. 


0 of Dark brown rock 


” 
” 
” 


” 


White rock 

Millstone rock 

Dark brown rock 
do. 

White rock 

Dark brown rock 

White rock 

Shale or blue metal 


. 3800 O Total depth bored 


A. Timmins, Stud. Inst. C.E., Runcorn. 


1. Leyland Local Trial Boring for Water, Clayton-le-Woods. a. Dec. 1881. 
3,5 feet well to 


14 inch boring to 
10 ” ” 


c ¢ 64 feet 
120 feet 
150} feet 


3a. None. 4. 143 feet from Girne, 4a. Same. 8. Made by Dr. Campbell 
Brown, county analyst, Jan. 28, 1882. 


Parts per 100,000 


Total solid matter . . . . 37-4 
Organic carbon . : 093 
Organic nitrogen (Dr. Frankland’s method) : 019 
Ammonia . - : ‘O15 
Ammonia for organic matter 008 
Nitrates and nitrites - : 046 
Total combined nitrogen . 078 
Combined chlorine 3-02 
Hardness 24, of which 20:1 was temporary. 
ft. 

9. Surface soil 3 
Sandy gravel é : 13 
Boulder clay : = ' 30 


2. About 240 feet. 


Ferruginous earth 

Fine light sand . 

Coarse gravel 

Micaceous clay 

Purple shale 

Ferruginous sandstone 

Uniform sandstone 

Brown mould 5 : : 
Purple shale : : c . 
Purple sandstone A : 
Bronze shale - B 
Purple shale 5 : : . 


Appenpix II.—Triassic Wells. 


Collected by Mr. Thos. 8. Stooke, Assoc. M. Inst. C.E. 
From Mr. Edwin Parry, Engineer to Mesars. Marshall, the proprietors 
of the said well. October 19, 1881. 


1. In the mill-yard belonging to Messrs. Marshall, Shrewsbury. 1a. 1837. No. 


3. 60 feet; from the bottom of the well are two bore-holes 50 


yards deep, through which the whole supply comes, 9 in. diam. 3a. The well enters 
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the rock 11 ft. 4. 40 feet of water in well which we have pumped out in an hour. 
10 hours. 5. 250,000 gallons. 6. Some slight variation in rainy weather. Yes; it 
has diminished about one-fourth. 7. Yes. Appears to rise when Severn is in flood. 
8. Only the hardness; by Clarke’s test 18°. 9. 48 feet of clay and sand. Red 
sandstone to bottom of bore. 10. Yes. 21. Yes, by cast-iron cylinders. 12. Geo- 
logical Survey shows a fault N.W. close to the well. 13. No. 14. No. 15. No. 


Collected by Mr. Thos. S. Stooke. 
From Mr. C. Hy. Kynaston, Brewer, Wem, Salop. 


1. Sunk 17 feet. Bored from bottom diameter of hole 3inches. a. 1878. No. 
3.17 feet, 6 feet, and 100 feet. 3a. None. 4. 14 feet from surface. 2 hours. 
4a. 14 feet from surface. 5. From 4 to 5,000 gallons. 6. Does vary a little in 
September and October, when it is the lowest. 7. Yes; in about 24 hours. 8. 
None. Used for brewing purposes. 9. None; gravel, then blue clay down to water, 
15 inches of sand 100 feet from surface from which the water came.—T. 8. 8.. 12. 
None, 23. None. 14. Not within 17 miles. 15. No. 


Collected by Mr. Thos. 8. Stooke. 


21. At Messrs. Marshall & Co.’s Bleach Works, Hanwood. ia. In progress. 3. 
68 feet; 4 feet 6 diam. 3a. None. 4. Rises to top. 5. 48 gallons per minute. 
7. No. &. Soft. 9. Red marl and blue-grey sandstone. 10. No. 15. No. 


Collected by Mr. Thos. 8. Stooke. 
From Mr. R. E. Johnston, C.E., Engineer Office, G.W.R. and L.N.W. 
Joint Railways, Birkenhead. 


1. Steam Shed, Wellington G.W. & L.N.W. joint railway companies. 1a. 
Finished August 1875. 2. Above 350 feet. 3.18 feet below soil level; 36 feet 
below original surface. Bore-hole 163 feet below original surface. 3a. None. 
4. One foot below rail-level. After pumping 14 feet below rail-level. Two hours. 
4a. One foot below rails, or 19 feet below surface-level; at present time height of 
water 18 feet. 5. 204,000 gallons per day of 24 hours. 6. Notbing perceptible. 
7. Slightly, after several days’ rain. No information. 8. Good for general pur- 
poses. 

9. Drift . ‘ é P 3 4 A 7 . 45 feet 
Sandstone . : ‘ - . F c ne of hsh 5p 
Red marl. : : 5 - 5 ges 
9a. In sandstone. 10. Yes. 11. Yes. 12. None. 13. None. 


Collected by Mr. Thos. S. Stooke. 
From Lieut.-Col. Drake, R.E. 


1. Barrack enclosure, Shrewsbury. 2a. March 1882. No. 2. +239°01: O.D. 
3. Total depth 93 feet; diameter 37 feetx6 feet 3 inches and 56 feetx5 feet 
5 inches. Bore-hole 243 feet 6 inchesx 5} inches diameter. 3a. No drift-ways. 
4. 75 feet to surface of water. 4a. 75 feet, which it maintains. 5. 175,000. 7,000. 
6. No variance has been detected. 7%. No..The water in well stands 6 feet 4 inches 
above adjoining River Severn. 


8. Lime . . Large . . Ammonia . « race 
Magnesia . Present . Nitric acid . Large 
Chlorine z A -" . Nitrous decid . Trace 
Sulph. Acid SO, _,, é . Oxidisablematter Present 
Phosphoric acid None . RMeLEON ie : . None 

Hardness. 
Fixed . : é : 5 é 4 3 , 7°35 
Temporary . ; F . : ' : ; 5°40 
ft. in. 

9. Soil ; : - 3 : : F ‘ r 3.0 
Coarse gravel - A F . < é gv 
Red sand. : - x 4 c . 3.0 
Yellow loam : 2 5 : c : : 2 0 
Wine-red "sand 4* \ 89 VATGe Hoy OF Romy REDE 
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Coarse gravel ‘ ; : , F ‘ ‘ a ee) 

Fine sand . s : ‘ - “ : . 3 0 

Fine gravel . R . ; 5 r 5 : 5 0 

Stony redclay . - - ° “ 3 + Fler). 0 

Blue stiff stony clay . , ‘ 7 ; F 3 0 

Coarse gravel : . - a 3 ; sori Urea 

Red sandstone . . - . i eTlbt.06 


9a. Principal yield of water from last 50 feet of boring. 10. First spring of water 
met in last gravel bed-75 to 86 feet. 21. No. 22. Yes; a large fault trending 
E.N.E. to due west. 213. No. 14. No knowledge of any. 15. Not aware of any. 


Information given by Mr. E. B. Marten, Member of the Committee, 
Engineer to Stourbridge Waterworks Co., &c. :— 

1. Wollaston Station of the Stourbridge Waterworks at Coalbournbrooke, between 
Wordsley and Stourbridge, on the road to Wollaston Hall, and between Canal and 
River Stour, just under the Platts on Ordnance Survey. 4a. 1880, July 44 ft. deep, 
and bore-hole 179 ft.; May 1882 sunk 20 ft. deeper. 2. 218 ft. above sea-level. 
3. Well 44 ft. from surface; bottom of bore-hole 179 ft. from surface. 3a. No 
drift-ways. 4. Water rises over the surface, and flows into River Stour, If pumped 


Fie. 1. 
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empty well fills in 25 minutes. If pumped down 4 ft. it rises and overflows in 3 
minutes. <A pipe fixed in bore-hole can be shut off from the well, and the water 
rises 10 or 12 ft. above the surface in good volume, but it has not been tested as to 
what height of pipe would prevent overflow. 4a. The first 10 ft. only were dry, and 
then the water increased very fast. 5. 600,000 when pumped about 20 ft. below sur- 
face ; average 300,000 gallons per day at about 4 ft. below surface. 6. No variation 
can be observed, and no diminution. 7%. Rain makes no difference; ordinary level 
stands about 10 ft. above River Stour, which is about 100 yds. away. 8. Practically 
the same as at Mill Meadow. The waterworks were originally set out here, but 


‘moved nearer the town to a well still used, and which has served for 20 years. 9. 
This drift then all Upper Mottled Sandstone. 9a. Red sandstone rock is of uniform 
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texture, a little more at about 43 ft. from surface. 10. No surface spring in drift, 
but if holes are made they fill with water. 11. Land springs are coffered out. 12. 
No faults are seen near the well. 13. No brine. 14. No. 15. No. 16. The new 
red sandstone occupies a large area from the western boundary fault of the South 
Staffordshire coalfield to Enville, and forms the gathering ground for this well. It 
has few large streams on it, as it is so permeable that the rainfall percolates easily. 
There are no large towns on this area, but villages and gentlemen’s country seats, 
including Enville Hall, Lord Stamford’s, and the famous Sheep Walks. The rock is 
full of water, which overflows along the banks of the river, and the long overflow 
has formed springs or wells in the sandstone escarpment, one of which is called the 
‘bottomless pit,’ from the persistency of the outflow of the water in great volumes 
at all seasons uniformly. This company purchased the right to run a heading at 
50 ft. below the surface from the Wollaston well under this escarpment to another 
site at Tack Farm, half a mile away, but the bore-hole has yielded all that is needed 
without any chance of river water getting into the well. The Wollaston site was 
that originally chosen for the works, but it was considered that the same condition 
would appertain at Mill Meadow, the site near the town, although no sign of a spring 
was then seen. It was found exactly as conjectured, and answered for town supply 
for 20 years, and being between the town and reservoir a much less outlay was 
sufficient. 


Stourbridge Waterworks (continued) :— 


1. At the Mill Meadow Pumping Station, near Stourbridge, } mile N.E. of centre 
of town. 1a. Sunk in 1856 to depth of 50 ft., with a bore-hole 20 ft. from the 
bottom of the well, In 1871 it was deepened to 50 ft., with bore-hole 80 ft. deeper, 
and drift-ways made; two other shafts were 
also sunk for convenience. 2. Surface of 
the ground or engine-house floor 237 ft. 
above the sea (Ordnance datum). 3. 50 ft. 
to bottom of the well. 130 ft. to bottom 
of bore-hole. 3a. 44 ft. Length about 
40 yards. . Water would rise to the sur- 
face and flow over into the River Stour, but a drain-pipe is put into the river about 
10 ft. from the surface. When pumping 300,000 gallons per day it sinks 20 ft. and 
fills again in two hours. When pumping 550,000 gallons 30 ft., and recovers in four 
hours. a. The water rose to surface and flowed over, and would do so again, 
5. About 600,000 gallons per 24 hours. 6. No difference in seasons. After 15 years 
it was tested and found to yield exactly the same quantity. 7. Local rain does not 
affect it. It stands 10 ft. above the River Stour. 


Fie, 2. 


Fic. 3. Railway Well 


oe, faitway Weil 


Well 


Lvew Red Sandstone 


eee &3 
Grs. per gal. 
8. Carbonate of lime . F A : - 3 . 15:23 
Sulphate of lime . 4 ; ; 3 - ~ 1 O47 
Sulphate of magnesia. : : : z needsea 
Chloride of sodium and alkalies. . : Loy 76 
Organic matter : : : . 3 or eon 
Loss : e : 5 : c : : iii 
Degree of hardness : 5 : ; : smdliTe2 
21°95 


This site was chosen as it was conjectured that the rock was as overflowing as the 
more distant site at Wollaston originally chosen, This has been suffused in 20 years, 
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and being between the town and the high-level reservoirs it saved much outlay. The 
gathering ground for this well is supposed to be the Clent Hills, and the large sand- 
stone area of Hagley and Clent Heath. 9. No drift. Well was commenced in the 
dock. The new red sandstone, 3 ft. 9a. Water comes chiefly out of the bore-holes, 
10. No springs, but if any hole was made it would fill with water. 12. As the 
well is generally full land-springs cannot come in. New pumping stations are pur- 
chased to prevent the need of drawing down this water permanently. 12. The 
Western boundary fault of the 8. 8. coalfield, 200 yards to east. 13. No brine 
springs. 124. None near. 15. No wells stopped because of brine. 16. Two wells 
near are also shown on the sketch. 


Wolverhampton Waterworks. 


(From Memorandum taken by Mr. BE. B. Marten when he was Resident Engineer to 
Wolverhampton Watermorhs, during which time this Shaft was sunk. Section is 
given in Vertical Sections, Sheet 50 of the Geological Survey.) 


1. At Goldthorn Hill in Wolverhampton, on high ground where Service Reservoir 
is placed. 4a. 1853; not altered since. 2. 506 above mean sea-level. 3. 300 ft.; 
8 ft. diam. ; 340 ft. bore-hole ; 640 ft. altogether. There are two shafts near to each 
other. One used for sinking and the other for pumping. 3a. 240 ft. main driftway 
290 ft. long to the west branch, 330 ft. to the south. Total 1,330 ft. @. The greater 

art of the water was at 240 ft., and the pumps were shortened to that point. Water 
had to fill the headings when it rose, and so it took some time. 4a. No note of this 
to be found. There was not much until 240 ft. 


5. January to June 1852 . . 26,615,888 gallons pumped 
July to December . > . 28,095,268 a 
Total 1852 . : « 54,711,156 
January to June 1858. . 36,981,792 gallons pumped 
July to December . 3 . 48,808,261 f 
Total 1853 . : . 85,790,050 


This was nearly all that could be pumped. 6. Only being used for local supply of 
some high-level houses there is not much pumped out. 7. I believe not. 8. No 
certain information, but average quality of sandstone water. 9. See No. 50, pit 
section Geological Survey. The shaft isin Permian strata, and near Western boun- 
dary of S.S. coalfield, which is } mile to the east. 9a. Chiefly in 240 ft. water- 
bearing strata. 10. No; itis ona hill. 22. All surface water is kept out. 12. 
The great boundary fault of S.S. Coalfield, } mile to East. 23. The bore-hole 
yielded strong brine. 14. No. 215. No 16. Not much used now, but perfectly 
good water, the borehole being stopped up. 


Wolverhampton Waterworks (continued) :— 


(From Memorandum taken by Mr. FE. B. Marten when he was Engineer to the 
Wolverhampton Waterworks Company.) 

1. Tettenhall, 2}-miles west of Wolverhampton. 2a. 1847. Not altered since. 
2. 372 Ordnance datum. 3.136 ft. 10 ft. diam. oval to suit pumps. 2 other 
shafts for convenience. 3a. 130 ft. about + mile in different directions under the 
company’s land. . From 5 to 19 ft., according to pumping. See paper attached 
with results of some years’ pumping. 4a. See above details. 5. Full quantity 
possible was pumped during the years of which details are given. 


Mr. Marten’s Notes of Wolverhampton Waterworks Well at Tettenhall, 
August 4, 1882. 
Average Depth of Water 


Total Pumped per day in Well 

gals, gals. ft. in. 

1847 Juneto Dec. . 1 13075590) 9 « . 42,224 . sed ES 
1848 Jan. to Dec. ; , 20,095,110 . . 57,636 . Th el 
1849 + : : . 37,495,670 . » VLOBT2ZTO .. . 16 6 
1850 - 6 5 - 56,484,162 . . 154,750) . cups toh 88) 
1851 5 5 : . 61,804,904 . . 169,328 . . 8 O 
1852 5) : ; . 56,474,656. . 154,725 . itaatigO 
1853 i a : . 61,445,552. . 168,344 . PN 0) 
1854 33 4 6 . 57,206,412 . . 156,812 Da 
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6. No. 7. No. 8. No certain information, but good average sandstone water. 
9. On ahill. No drift, all sandstone 5 ft. Section would be sent if desired. 9a. 
Towards the bottom. 10. No. 211. No land springs, as well was on a hill. 12. 
No. 13. No. 214. No. 25. No. 16. The well is not now so much used, as the 
Cosford works described by Mr. H. J. Marten supply most of the water. 


Particulars of a Bore-hole sunk under Mr. H. J. Marten’s superintendence for 
the Waterworks belonging to the Corporation of Wolverhampton. 


By Mr. Henry J. Marten, M. Instr. C.K. 


1. The Bore-hole in question is situate at the Cosford Pumping Station 
of the Wolverhampton Corporation Waterworks, about nine miles distant 
from Wolverhampton along the old turnpike road leading from Wolver- 
hampton to Shrewsbury, and is sunk through the upper soft red, and the 
conglomerate, into the lower soft red measures of the New Red Sandstone 
formation. 

la. The boring was commenced in June, 1876, and completed in 
December, 1877, and it has not been deepened since. 

2. The approximate height of the present surface of the ground above 
mean sea-level is 200 feet. 

3. The total depth of the bore-hole from the present surface of the 
ground is 918 feet 9 inches, of which 5384 feet is 24 inches in diameter, 
and the remainder, 384 feet 9 inches, is 15 inches in diameter. 

The bore-hole is fitted at the top with a cast-iron guard pipe which 
rises about 3 feet above the present surface of the ground, with an opening 
in it at a depth of 4 feet, and another at between 16 and 17 feet below 
the present surface of the ground, through which, by means of sluices, 
the water rising up the bore-hole can be turned either into an adjoining 
brook or into the engine well. 

3a. There are no horizontal driftways. 

4, When not being drawn upon the water rises in the guard pipe 
described in reply to question 3, to a height of about 1 foot above the 
present surface of the ground, or 9 feet above the natural, or original, 
surface of the ground. At this level, which is denominated the summit 
level, the artesian force of the deep springs supplying the bore-hole is 
balanced by the head of water attained in the guard pipe, and everything 
is at rest. On opening the sluice 5 feet below this point the natural 
discharge from the bore-hole is at the rate of 480,000 gallons a day. On 
opening the lower sluice in the guard pipe, so as to reduce the outflow 
point to the level of the water in the engine well, or 14 feet below summit 
level, the natural discharge is at the rate of 830,000 gallons a day. On 
pumping down the water in the bore-hole to a depth of 27 feet below 
summit level, the yield is at the rate of 1,320,000 gallons a day, and at 
31 feet below summit level, it is at the rate of 1,420,000 gallons a day. 
On ceasing to pump and shutting the sluices, the water rises in the bore- 
hole to summit level in a few minutes. 

4q, Excepting for experimental purposes, the water in the bore-hole 
has not been permanently pumped down below the engine well level, and 
when not drawn upon the height at which the water now stands is the 
same as when the well was first sunk. 

5. The average discharge at engine well level is between 800,000 and 
900,000 gallons a day, and this quantity is daily pumped from that level. 

6. The level of the water does not appear to vary with the seasons to 
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any appreciable extent, and it has not diminished since the bore-hole was 
completed. 

7. The ordinary level is not affected by local rains. The summit level 
to which the water rises is about 5 feet above the surface of the water in 
the River Worf, a stream which is within a dozen yards of the bore-hole. 

8. The analysis of the water is as under :— 

Grains per gallon 


Total solid matter . 5 e - - : - : 18:970 
Albuminoid ammonia . . : 7 F : - 0:000 

Free ammonia . A 5 c ‘ ; ; : 0:000 
Nitrogen, as Nitrates and Nitrites . A : c : 0-059 
Chlorine . 3 : : : : i z ‘ ; 0-980 
Hurtful metallic impurity ; ‘ 4 5 F - none 
Transparency . ; : : : é : 3 : good 
Hardness—Temporary : c c : : : é C 6:46 
fs Permanent * : : é : : - : 6°69 

5s Total - ° : - : : - : : 13°15 


The water does not contain any marked peculiarity. 
9. The section of the rocks passed through is as under :— 


fig an, ft. in. 
Drift ; ; : : : : : A : - nil. 
Upper Mottled Sandstone. 4 ; : . : 461 6 
Pebble Beds :— 
Upper pebble beds . : : 5 . 165 6 
Argillaceous marlrock . “ é 85 0 
Lower pebble beds . A : - 128 0 
378 6 
Lower Mottled Sandstone (not bottomed) ., : : 78 9 
918 9 


The Pebble Beds, it will be seen, are here divided into upper and 
lower beds by a thick bed of argillaceous marl. The lower pebble 
bed was of so obdurate a character that 2,000 blows with a heavy cutter 
weighing nearly one ton, and falling 5 feet each stroke, only penetrated 
one foot through it. 

9a, The principal springs intercepted were in the upper soft red 
rocks. There is generally a large flow from the springs in the lower 
soft red rocks, but in this case the artesian force at command at the 
engine well level was not sufficient to liberate them to any appreciable 
extent. The object in view in opening a communication through the 
argillaceous marl and conglomerate beds into the lower soft red rocks 
was to ensure a supply from the last-named beds in the event of the 
engine well being lowered, a work now being carried out. pe 

10 and 11. There is no drift rock over the site of the bore-hole, 

12. There are no large faults in the neighbourhood of the bore-hole. 
The borehole is situate in the central portion of the downfall trough 
between the Shropshire and Staffordshire coalfields—the boundary 
faults of which are respectively eight and nine miles from the bore-hole. 

13. There was a very slight briny ooze, estimated at about 300 gallons 
a day, from the argillaceous marl beds into the bore-hole. 

14. There are no salt springs in the neighbourhood. 

15. No wells or borings have been discontinued in the neighbourhood 
in consequence of the water being more or less brackish. 

16. The bore-hole required no casing in it from top to bottom. The 
bore-hole, which was sunk by rope-boring machinery, supplied by Messrs. 
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Mather and Platt, of Manchester, cost 2,315/., or at the rate of about 
21. 10s. per foot ran. The total expense, including the last-named amount 
—the balance valve, the fuel for engines, guard pipe and sundry labour 
was about 3,7001. F 


Particulars of Waterworks Well sunk wnder superintendence of Mr. Henry 
J. Marten, M. Inst. C.H., for the supply of Tanworth and the sur- 
rounding district with water. 


1. The well is situate at Hopwas, about 2 miles to the west of Tam- 
worth, and is sunk in the conglomerate beds of the New Red Sandstone 
formation. 

la. The well was sunk in the year 1879, and has not been deepened 
by sinking or boring since that date. 

2. The approximate height of the surface of the ground is 306 feet 
above Ordnance datum. 

3. The depth from the surface of the ground to the bottom of the 
well, which is 10 feet in diameter, is 168 feet, and there is no bore-hole. 

3a. There are no horizontal drifts. 

4. Before pumping, the water stood at 129 feet below the surface of 
the ground. The number of hours elapsing before ordinary level is 
restored depends upon the extent and duration of the pumping. 

4a. The well was sunk practically dry, until a depth of 168 feet below 
the surface of the ground was reached, when, through the marl floor of 
the well at that depth a large spring was met with, the initial inflow of 
which was at the rate of about 1,500,000 gallons a day, and its artesian 
force such that in a very few minutes it rose to a height of 39 feet above 
the bottom of the well, or, as before stated, to 129 feet from the surface 
of the ground, at which point it remained stationary, and to which point 
it rises when not drawn upon by pumping. 

5. During an experimental test extending over a period of 59 days 
from September 21 to November 19, 1881], the pumps were kept continu. 
ously at work day and night, and during that time the total quantity of 
water raised from the well was 61,000,000 gallons, or rather over 
1,000,000 gallons a day. This continuous pumping at the rate named 
lowered the water in the well 28 feet 7 inches, or to a depth of 157 feet 
7 inches below the surface of the ground, leaving a depth of 10 feet 
5 inches in the well. On the cessation of pumping the water rose 
8 inches in 30 seconds, or at the rate of 945,000 gallons a day, and at 
the end of 8 days it had regained 14 feet 2 inches of the loss of level. In 
3 weeks (notwithstanding occasional pumping for the supply of about 
800 houses then laid on), it had risen to a level some few inches higher 
than the point at which it stood before the experimental test was made. 
The average quantity pumped for the supply at present of between 1,100 
and 1,200 houses is about 55,000 gallons per diem. 

6. There is no decided information available as to whether the water- 
level varies with the seasons. Jam of opinion that it does, though only 
to a limited extent. The well having only been regularly drawn upon for 
water supply purposes for less than a year, and that at a rate very far 
within the margin of its average yield, affords no experience at the 
present time on the point whether the yield is diminishing or not. 

7. The ordinary water-level is not affected by local rains. It stands 
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about 177 feet above mean sea-level, or 11 feet above the ordinary 
summer level of the river Tame, about half a mile distant. 
8. The analysis is as under :— 
Grains per gall. 


Temporary hardness . : 5 i : ; : ; a.) Grls 
Permanent Ae : A . 4 3 A : 5 «3°50 
Total > é j 5 : : : 3 ‘ 3 ) 49°63 
Chlorine 3 A 5 P ‘ Z ; : 5 F oe ISG) 
Total solids . ‘ 5 ‘ ‘ : : 3 : - 25°06 


The water contains no marked peculiarity. 
9. The section of the rock passed through is as under :— 


ft. in 
a. Soil, sand, and gravel . : - : : 2 . 16 6 
6. Red marl, with layers of sandstone 3 : : : = Let 
e. Hard conglomerate rock . : : . : : ; LOA 
d. Argillaceous marl rock . = A : : é “ a Gk) ily 
e. Fissured sandstone . , ‘ é ; 4 : : > HI1Se9 
jf. Argillaceous marl rock . : ; : ; : : Per 0 
g. Light fissured sandstone rock . : : 5 : : - 30 4 
h. Red marl, with layers of greyish blue stone, and balls of 
marl of same colour with dark spot in centre, called < fish- 
eyed’ marl 5 - : : - 41 0 
Total - . 4 . ° . 168 O 


9a. As stated in reply to 4a, the well was practically dry until the 
spring referred to was tapped, at a depth of 168 feet from the surface ; 
though a little water oozed out at the bottom of the fissured sandstone 
rock ‘g’ in the preceding answer. 

A singular phenomenon occurred with respect to one of the fis- 
sures situate in this rock at 115 feet from the surface of the ground. 
When first opened down to, a violent current of wind (simply atmo- 
spheric air) rushed from it, which gradually spent itself, and was fol- 
lowed thereafter at one time by an in-draught, succeeded at another by 
an out-draught. It was observed that these variations of direction were 
coincident with barometrical changes—i.e. when the barometer was rising 
there was a decided indraught from the well into the fissure ; and, on the 
contrary, while the barometer was sinking there was a decided out- 
draught from the fissure into the well. It is evident, therefore, that the 
fissure must be connected with large cavernous passages. Changes in 
the weather were accurately foretold by watching the behaviour of a 
candle-flame when placed near the fissure; but the workmen were dis- 
inclined to place much faith in its indications until an active outflow 
during the whole of one day was succeeded at night by one of the most 
violent storms of the period. 

10. The cover-drift over the rocks contains no springs. 

11. There are no land springs to keep out of the well. 

12. There is a large down-throw fault between the well and the river 
Tame, which brings the Keuper Marl beds face to face with the con- 
glomerate beds in which the well is sunk. 

13. No brine springs were passed through in making the well. 

14. There are no salt springs in the locality. 

15. No wells or borings in the neighbourhood have been discontinued 
in consequence of the water being more or less brackish. 

16. The well is lined with brick in cement to within about 2 feet of 
the bottom. Its cost was 7931. lds. 6d. 

1882. Q 
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Information collected by Mr. James Plant, F.G.S. 
From Mr. H. W. Pochin. 


1. Croft, Leicestershire. This is an underground spring in greenstone rock at 
bottom of a deep cutting. 1a. Begun 1880. Water struck January 1, 1882. 2. 
About 320 ft. 3. 110ft. 4&and 4a. Water issues constantly at the end of the 
fissure, and has been running without ceasing for eight months. 5. A pump is now 
used which discharges 100,000 gallons every “ten hours. 6. Quantity is the same as 
when first struck. % Is below the level of the River Soar, which runs close by. 
8. No proper analysis yet made, but water very soft. 


ft. in. 
9. Lower boulder clay ‘5 f é i sy (8 pH) 
Upper white Keuper sandstone “ 0 A) 
Red marl separated by thin floors of white sand- 
stone . ° é 5 : : > - - 92 0 
Total . - : 3 - 130).0 


These beds lie on the worn and rounded surface of the greenstone, at an angle of 
about 20° dipping S.E. 9a. Greenstone. 10. None seen. 212. No. 13. No. 14. 
No. 25. No. 16. Six photographs have been taken, and will show the deep spring 
ssuing out of the rock. 


Information collected by Mr. James Plant. 
From the Hinckley Local Board. 


1. Hinckley Wharf, near Hinckley, Leicestershire. a. Boring of 10 inches 
diameter commenced Nov. 1881. 2. 313 ft. 3. Depth from surface of 10 inches 
diameter 160 feet, depth below this 540 feet of 7 inches. Total depth 700 feet. 4. 
The mean height at which the water stands in the bore-hole varies from 630 to 680 
feet. 5. Over 1,000 gallons were taken out of the bore-hole, which filled up again 
in about two hours. 6. See No. 4. 7. Water-level is above the bed of the River 
Anker, which is about 2 miles S.W. of the bore-hole. 8. No analysis yet made. 


9. Hinckley Wharf Boring, commenced Nov. 1881. 


Thickness} Total 


Character of Rocks ohiBeda Depth Remarks 
field. Tis) gvitl. 
Soil. ° eal ee tO 
| Middle glacial sands . “ 5 RIMOROH SL INO 
Lower boulder clay . 5 2/050" JON iP 8l> 0 
Red boulder clay ‘ 7 -| 7 Of} 88 0 | Many pebbles. 
Upper Keuper sandstone . .| 12 0} 100 0} Much denuded. Band fine 
crystallised gypsum 6 in. 
Red and blue marl with Sypeum LOSS ALOr <9 
Red marl and gypsum 5 69 8180 5 
Grey sandstone . d : Lever RL8io7 6 
Red marl and gypsum é cmlZOe tee2OSi io 
Grey sandstone . 4 1 6) 209 11 | Gin. crystallised gypsum. 
Red marl and gypsum bands 96 71] 306 6 
Grey sandstone . . . .| 0 9] 307 38] 5in. gypsum. Very abun- 
dant water. 
Red marl and gypsum bands .}| 46 5] 353 8 | 3 in. gypsum. 
Grey sandstone . : . -| 1 0} 354 8 | 4in. gypsum. 
Red marl and gypsum ; 41 0} 395 8 
Grey rock, mottled marl and 
gypsum . 3 3 6 .|100 41496 0 | At 484 ft. crystallised gyp- 
sum 3 in., being last band 
of gypsum. 
Red micaceous sandstone .| 11 0} 507 0 | Top of Waterstones. Fine 


clay or wayboard } in. 
Soft micaceous red sandstone . 4 6 [511 6 
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ee na TDTGrEaane BEES DETTE Rn IRR nn a ee a aT 


Thickness} Total 
Character of Rocks Of Beis Depth Remarks 


Mottled marly sandstone (mica). | 5 6 | 517 0 | 3 in. wayboard. 
Grey mottled marly sandstone .| 15 11} 532 1 | Ripple marks. 
Soft red sandstone . 7 |} 11 7] 543 8 
Red sandstone . < : .| 6 10] 550 6} Fine red clay, wayboard. 
Red sandstone . A ‘ ./10 6] 561 O} Fine red clay, wayboard 
Jsin. 
Red sandstone (mica) -| 5 5 | 566 5 
Fine red clay a 4. Or] e705 
Red sandstone 3 9 O| 579 5 
Fine red clay . ; : % 1 oO]; 580 5 
Red sandstone . 2 ' - tT (0) |,58%,. 6 
Fine red clay . - O 61] 587 I1 
Grey sandstone (mica) 2. 5| 590 4 
Fine redclay . C . .| 5 1] 595 5 
Light red sandstone (mica) -| 6 Of; 601 5 
Red sandstone ; ; .| 2 0} 603 5 | Wayboards 13 and 6 in. 
Soft white sandstone, with small 
yellow iron spots 4 .|18 %44{]621 9 
Hard white coarse sandstone ; 
with false bedding . 5 .| 4 14] 625 10 
Soft white sandstone with small 
iron stains p ‘ : F TB Goo, . oO 
Hard white siliceous sandstone . 9 2.) 635 2 5 
Hard red siliceous sandstone 3 6] 688 IL 
Soft white clay . . : eo tal) OL2en 3 
Red micaceous sandstone and 
red sandy marl : , .| 6 8 | 648 11 
Red marl and sandstone 11 41] 660 3 
White and brown sandstone WHE VG! |.67.. 9 
Brown micaceous sandstone and 
strong red marl . : .|10 6{| 682 3 | Wayboard. 
Red micaceous sandstone and 
strong red marl 6 0| 688 3} Wayboard. 
Softredclay . : 2 6{|690 9 
Brown micaceous sandstone Om 7 | GOL 34 
Soft red clay 1 61] 692 10 
Brown sandstone 5 0 10}; 693 8 
Redclay . 5 : ‘ 2 1/695 9 
Red sandstone 1 2/j] 696 11 
Red clay . é 3 é : 1 71] 698 6 
Red and brown micaceous sand- 
stone 5 : 4 0|702 6 
Red clay . ; 5 2 2)|704 8 
Red micaceous sandstone . 0 6{705 2 


10. Yes. 11. Entirely out. 12. One great fault three miles to the W. is known, 
and another large one suspected four miles to the E. These faults run from N.W. to 
S.E. 13. No. 14. No. 15. No. 16. Several chalybeate springs formerly existed 
(shallow wells penetrating into the drift), they are all now disused but one, 


Collected by Mr. E. Wethered, C.E. 

From Mr. J. N. Taunton, C.E., F.G.S., Engineer to the Thames and 
Severn Canal. 

1. Thames Head, three miles south-west of Cirencester. 1a. About 1793. 
2. 364 feet. 3. 63 feet depth of well; shape oval 15 ft. x 10 ft. No bore-hole below 
bottom of well. 3a. Original drift-way 30 yds. subsequently extended down the 
valley some 500 yards tailing into cutting about 17 feet in depth. 4. and 4a. The 
water-level varies from 30 to 53 feet below the surface, according to the season and 
pumping. When the engine pumps continuously it usually lowers the water-level 


Q2 
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gradually in a dry scason 3 or 4 inches a week. As the springs break in the neigh- 
pourhood the water rises rapidly. There does not appear to be any material change 
in the normal level of the water. 5. The quantity of water pumped from 1,500,000 
to 3,500,000 gallons per diem. 6. Apart from the continuous pumping for the 
supply of the summit-level of the Thames and Severn Canal the water-level is 
determined by that in the gravel in the bed of the adjoining valley, and rises and 
falls with it. No perceptible diminution during the last 30 years. 7. Not affected 
except by long-continued rains in the Cotteswold District on the N.W. 9. Section 
sent herewith. 9a. In the basement beds of the Great Oolite. 10. See section. 
11. See section. 12. No. 13. No, 24. No. 


Apprenpix III.—Jurassic Wells. 


Collected by Mr. C. Fox Strangways. 
From Lieut.-Col. W. F. Walker, R.E., York. 


1. Towthorpe Common, near York. 1a. January to April 1879. No. 2. 60 feet. 
3. The well consisted of a bore-hole 9 inches in diameter and 311 feet 4 inches deep. 
This was subsequently plugged, leaving the present depth 210 feet. 3a. None. 
@ and 4a. Enquiry will be made on these points. 5. Not tested. After 72 hours 
continuous pumping no diminution in supply was perceptible. 6, Little or no 
variation is observed in the shallow wells of the locality. Experiment not tried in 
deep boring. 7. Only temporarily affected. Ordinarily stands 15 feet above the 
level of the water in the Fors, the nearest river. 8. Two copies of the results of the 
analysis of this water are attached, that marked No. 1 being the result of the first 
analysis, and that marked No. 2 being the result of the analysis after plugging for 
about 100 feet had been resorted to. 


Analysis No. I. 


From Towthorpe, York. Drawn December 20, 1879. 
Source, Artesian well, 311 ft. 4 in. deep. Received December 26, 1879. 
Physical Characters. 
Colour (through 36 in.) . Faintly yellow. | Lustre . - ¢ . , . Fair. 
Turbidity 3 5 . None. | Taste .. F 9 : ; 4 # 
Sediment : . . Present. Smell . : - : , . None. 
Hardness. 
Fixed : - : - 66°°50 
Temporary or removable 26°-25 
Total . - . ee 9 226 


Quantitative Chemical Analysis. 
Parts per 1,000,000 
Oxygen required for oxidisable organic matter . 0°5600 
Ammonia, free. ; ; 4 : : . 04940 
Ammonia, albuminoid . “ : 3 ‘ . None. 
Nitric acid (NO,) . : : é : ‘ . 0:2297 
Nitrous Acid (NO,) : : F ‘ ; . None. 


Total nitrogen included in nitrates and nitrites . 0:0519 


Grains per Gallon 


Volatile organic matter . - A : . 0:4357 
Ammonium nitrate . a 5 : 3 =) BORD, 
Sodium nitrate . : 5 F ‘ ‘ - O°1566 
Sodium chloride . ; 4 ‘ ‘ ‘1 . 25689 


Sodium carbonate 3 3 5 ‘ ‘ .  5:0000 
Calcium carbonate 3 4 = : . 14-8000 
Calcium sulphate b : : . - 77-9800 
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Grains per Gallon 


Magnesium sulphate. . : : - : . 25°7295 
Sodium silicate . : ‘ : : : - 19485 
Aluminium and iron phosphates : 6 . 28300 
Water with calcium sulphate . : : . 103209 
Total solids. ° ° : . . 141:9218 

Total solids . : ° . . ° . 141°9218 
Total solids by evaporation > < . . 141°8500 
Difference . - : ° . 0:0718 


The microscopic examination of the sediment shows mineral grit 
and sand, some crystalline particles, probably carbonate of lime, a little 
mycelium of fungi, but no trace of animal or vegetable life. 

This water is quite unfit for a water-supply on account of the large 
quantity of lime, magnesia, and sulphuric acid. Perhaps if the borings 
were continued further a softer water might be obtained. 

Attention is called to the case of the Clifton Asylum Well, where the 
solids are now only about 20 grains, whereas I believe that previous to 
deepening the water was too hard to use. 

F. De CHAUMONT, M.D., F.R.S., 

Laboratory, Army Medical School, Professor of Military Hygiene, 

Royal Victoria Hospital, Netley, Army Medical School. 
January 24, 1880. 


Analysis No. II. 


From Towthorpe, York. Drawn April 10, 1880. 
Source, well 210 feet. Keceived April 14, 1880. 
Examined April 20, 1880. 


Physical Characters. 


Colour (through 18 ins.), Slightly yellow. | Lustre . : c : . Very good. 
Turbidity : c . None. Taste . 5 5 . Good. 
Sediment ; - . Large. Smell . : : 2 . None. 


Chemical Analysis. 
QUALITATIVE (water wnconcentrated). 


Lime . : : F . Very large. | Ammonia . ; ; 3 . Large. 
Magnesia . : : . Very large. | Nitric acid. : ; 2 . Large. 
Chlorine . 2 : . Trace. | Nitrous Acid . A b . None. 
Sulphuric acid . : . Very large. | Oxidisable matter . : . Trace. 
Phosphoric acid . : . None. Iron orlead . : ‘ - None. 
Hardness. 
Degrees of Clark’s Seale 
Fixed . A 2 A A 6 : ve be 
Temporary or removable : : : : . 30°15 
Total 2 . 5 t i . 87°50 
QUANTITATIVE. 


Grains per Gallon 
Volatile matter (by incineration and after re-carbonating) . 17500 
Parts per 1,000,000 
Oxygen required for oxidisable organic matter . 0°5800 


Ammonia, free . : A 5 : : 6 . 04548 
Ammonia, albuminoid . 2 . 3 A - 0:0960 
Nitric acid (NO,) . - A 4 : P . 85529 


Nitrous acid (NO,) F 6 ‘ ; : . 0:2300 

N.B.—These constituents, with the oxidisable 
organic matter indicated by the oxygen required 
are included in the Volatile Matter. 


Total nitrogen included in nitrates and nitrites 1°5497 
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Grains per Gallon 


Chlorine . ‘ 4 ° ‘ c 7 5 7 : 1:6368 
Calcium carbonate . 5 5 ; = * . : -  20:1000 
Fixed hard salts. Bis oe 4 3 i j ‘ -  57°7500 
Sulphuric acid (SO,) 53:0°880 total partly included in fixed 
hard salts . 5 i 5 6 4 : : 
Alkaline carbonates : ; 2 . s 3 : ‘L p4ynego 
Sodium or other metal (combined with Cl or SO,) not in- 
cluded in fixed hard salts ; . : . i : 
Silica, alumina, iron, &c. : 3 j 4 : 


Total solids (by evaporation) . . ; - 135-8000 


Microscopic CHARACTERS.—The microscopic examination shows only a little 
mineral grit. No trace of animal or vegetable life. 

REMARKS.—The water has improved a little since plugging, and justifies further 
plugging, as originally suggested, to the level of the green sand. 

J. L. Norrer, M.D., F.C.S. 
Laboratory, Army Medical School, Assistant Professor of Military Hygiene 
Royal Victoria Hospital, Netley. 
April 23, 1880. 


ft. in. 

9. Top sand . 5 ‘ . ° . : ast 46 
Fine clay : : 2 : : 15 0 
Boulder clay . 5 : 2 ° : 15 0 
Loamy sand . : é A . A a OREO 
Fine warp clay . ; - . 6 : Sia LSU 
Grey sand. ; : : ° : pope) (0) 
Boulder clay . >; : : . ° : br ee 
Green sand c = 5 5 é 5 =, L670 
Green sand with layers of blue bind A they 
Blue bind or marl . : ; 5 : § Sil Sy, 
Light green sand with blue bind . © =) apa. 
White sandstone . ; : : : Boe oy 
Blue bind ; 5 5 : de 30 
Red marl 2 ; e d F ee 2) 
White sandstone ~ : 81 0 
Blue marl * ; 0 6 
White sandstone ; 23 0 
Blue marl c 0 3 
Variegated sandstone : : - ; 60 0 
Red marl % : - A 3 a 3 0 
310 0 


Notre.—The actual depth is 311 ft. 4 in., but 1 ft. 4 in. has been lost in taking 
the various dimensions. See remark opposite 3, as to plugging. 

10. Yes; the drift is full of water. 11. Yes. 22. No. The strata are those of 
the Vale of York. 13. None. 14. None. 15. None; as far as we know, 


Collected by Mr. C. Fox Strangways. 

From Mr. J. W. Woodall, J.P., F.G.S. 

i. Salton, near Malton, York, N. Riding. 4a. 1880. No. 2. 150 ft. 3. 316. 
About 4in. 3a. None. 4. Flows out at surface. 4a. Flows out at surface. 5. 
Not been tested. 7. A few feet above the Rye; 3 or4 ft. 8. No analysis has been 
made, but it is slightly sulphureous. 9. Fluviatile drift 15 ft. Kimmeridge clay, 
about 295 ft. 10. No. 41. Yes. 


Apprnpix IV.—By Mr. E. Werueren, F.G.S., F.C.S. 
The Porosity and Density of Rocks. 


My first object in commencing a series of observations on the porosity 
of rocks was with a view of investigating the lithological changes which 
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are brought about by the percolation of water through them. But while 
engaged in work of this kind, one is struck with the great volume of 
water which the rocks of the earth are capable of absorbing, and a know- 
ledge of this is important both as regards water-supply and the suit- 
ability of stone for building purposes. Much information on the subject 
has already been obtained by the investigations of the Rivers Pollution 
Commission, the Commission on Water Supply, and on the Selection and 
Decay of Stone for the Houses of Parliament. Also by the Committee 
appointed by the British Association for the Investigation of the Circula- 
tion of Underground Waters, and by Mr. De Rance, C.E., F.G.S., in his 
book on the Water Supply of England and Wales. 

The method which I have adopted for arriving at the results con- 
tained in this paper is that recommended by Dr. Sterry Hunt in the 
Geological and Chemical Essays.!_ The portions of rock selected for the 
work were struck off by a blow with a hammer. By this means I was 
enabled to get clear and natural surfaces exposed. The whole of the 
results obtained are given in the annexed table. 

The Arenaceous Rocks.—The oldest rocks which I have examined are 
those of the Old Red, and all the specimens were selected personally. 
Taking first the Old Red Sandstone we get an-average specific gravity 
of 2:61, but the specimens from near Bristol have a decidedly lower 
specific gravity compared with others which are given. Excluding the flags 
from Caithness, the volume of water absorbed by a cubic foot of the rock 
is 0-707 of a gallon, or 59,000,000 gallons to the square mile 3 feet thick. 
The specimen of flags from Caithness absorbed much less water, and I 
found the same thing to apply to Old Red flagstones from other districts. 
The conglomerate beds are more absorbent than the sandstones: the 
average specific gravity is 2°58 and the volume of water absorbed by a 
cubic foot 0-805 of a gallon, or 67,000,000 gallons to a square mile 3 feet 
thick. 

I next take the Millstone Grit. The specimens from Bristol, South 
Wales, and the Forest of Dean were selected personally, and for those 
from Sheffield I am indebted to the kindness of Dr. Sorby, F.R.S. The 
Millstone Grit which underlies the Bristol coalfield is something like 
1,000 feet thick?; the chemical composition, the mean of five analyses, 
is as follows :— 


Silica ‘ - ' - 5 F 3 2 . 97:80 
Alumina . : . ; n - 3 : : AT 
Oxide of Iron . . 5 5 ; ; ; *80 
Lime ‘ ‘ ri - - 4 A 5 3 44 
Carbon . 5 : : i A "| . 17 
Carbonic acid 5 i - é 5 : F 39 
Moisture . = : : ‘ F 5 - - 22 

100°29 


In some of the specimens of this grit, microscopically examined, the 
grains of silica appear to cement themselves together, and so closely, 
that it is difficult to distinguish their outline. The grains are, for the 
most part, sub-angular, and are either colourless or have a slight pink 
tinge imparted by oxide of iron. The specific gravity averages 2°60, 
and the amount of water absorbed by a cubic foot of the rock is 0°080 of 
a gallon, equal to 6,000,000 gallons to a square mile 38 feet thick. 

1 Pages 165-7. 
2 Proc. Bristol Naturalists’ Society, 1875-6, page 336. 
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Two typical specimens of Millstone Grit were selected from Pertyrch, 
South Wales; one a coarse variety and the other with grains averaging 
about 0:010 of an inch in diameter. There is a slight lithological differ- 
ence when compared with the same formation around Bristol, and 
chemically it is a little more argillaceous, as shown by the following 
analysis :— 


Silica s . h ‘ ! 3 j 5 . 96°63 
Alumina . ‘i : $ : c - » | 
Oxide of iron . : : : ; . ‘ P ‘70 
Lime 6 : . 3 5 " 2 s ‘ “Oo 
Carbonic acid . ‘ : : - ; RAPT C53 20 
Carbon . 3 : "3 ; 3 F : ; “30 
Moisture . 2 é ; 5 A d 3 10 


Alkalies not estimated — 


99°63 


The specific gravity may be taken at 2°57, the volume of water 
capable of being absorbed by a cubic foot of the rock 0:290 of a gallon, 
or 23,000,000 gallons to a square mile 3 feet thick. 

The specimens of Millstone Grit from Sheffield resemble lithologically 
those of South Wales, though a person acquainted with the formations 
in the two districts would probably be able to distinguish between them. 
The grains composing the grit in the neighbourhood of Sheffield, 
according to Dr. Sorby, ‘are, on the whole, extremely angular.’! The 
specific gravity averages 2°59, and the volume of water absorbed per 
cubic foot of rock is 0°504 of a gallon, equal to 42,000,000 gallons to a 
square mile 3 feet thick. 

Two samples of Millstone Grit were collected from the Forest of 
Dean coalfield; one from the southern outcrop and the other from the 
northern. We here get a very different lithological character when com- 
pared with the same formation at Bristol and in South Wales, and a 
very much larger volume of water is absorbed. The rock resembles a 
Trias sandstone more than the Millstone Grit, but in chemical com- 
position there is practically little difference, as is shown by the following 
analysis of a specimen from Drybrook :— 


Silica é j ‘ ‘ : 3 3 . 98:06 
Alumina . F : ‘ : 7 4 3 ; 30 
Oxide of iron . 5 5 . ; : ; 5 510) 
Lime A 3 0 é 6 é 3 F 33 
Carbon . 5 ‘ i 4 ; i ; 3 20 
Carbonic acid . : 5 5 : ; A 30 
Alkalies . - : > : . . . . Trace 

99-69 


The specific gravity of the Forest of Dean Millstone Grit averages 
2°63, the volume of water absorbed by a cubic foot of the rock is 0°854 of 
a gallon, or 71,000,000 gallons to a square mile 3 feet thick. Though I 
have given the average volume of water absorbed, it will be seen, on 
reference to the tabulated list, that the results obtained from the two 
Specimens examined differ considerably. In the case of the one absorb- 
ing the greatest quantity of water, the grains composing it were but 
slightly cohesive, but in the other case the rock was of a more compact 
character. 


1 Quarterly Journal Geol. Society, 188, page 64. 
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Referring to the upland surface water from the Millstone Grit and 
the non-calcareous portions of the coal measures, the Royal Com- 
missioners on Rivers Pollution say in their sixth report,’ ‘ Many of the 
large manufacturing towns of Lancashire and Yorkshire are supplied 
with water for potable and manufacturing purposes, by the storage in 
vast reservoirs of the upland drainage from these formations. Being 
but slightly absorbent they yield to the impounding rivulets and streams 
a large proportion of the actual rainfall.’ Though the Millstone Grit 
may be but slightly absorbent in the localities named, yet this character 
cannot be established as a rule by which one can be guided. In the case 
of the Bristol coalfield it applies, but when we come to the Forest of 
Dean we find the reverse to be the case. The Millstone Grit of the West 
of England serves as a good illustration of the variability of rocks in 
different localities, especially as regards the volume of water which is 
capable of being stored in them. 

The next rocks examined were those of the Pennant Grit. It is 
necessary here to lay stress upon the definite article, as ‘the Pennant’ is 
confined to the middle coal-measures of Bristol, and is also extensively 
developed in the Somersetshire and South Wales coalfields. There are, 
however, beds of grit in the lower coal-measures of Bristol, which are 
lithologically true Pennants. The Pennant Grit is a compact blue rock, 
made up of angular grains. The following is the mean analysis of seven 
samples taken from my paper on the ‘ Composition of the Pennant Grit.’? 


Silica”. : ; : . ; f . 84:96 
Alumina . x . A ci : F f . A434 
Oxide of iron . 3 : 3 ; : a 4°55 
Lime - F ; ; 4 : : i we hs25 
Carbon . 5 d 3 c & . P . 2°86 
Carbonic acid . ; . 5 5 5 : ap aloo 
Magnesia : - ; : 2 - ; - 05 
Water. 5 E j 3 r 5 , 58 

99-96 


The specific gravity of the Pennant averages 2°67, the water absorbed 
by a cubic foot of the rock 0°150 of a gallon, and by a square mile 3 feet 
thick 12,000,000 gallons. Speaking of deep wells in the Coal Measures, 
the Rivers Pollution Commissioners say:? The proportion of mineral 
impurity present in the deep well-water is always large, but varies within 
wide limits. The water was found to contain, ‘as a rule, larger pro- 
portions of organic elements (organic carbon and organic nitrogen) than 
are met with in similar waters obtained from other strata,’ the average 
proportion being 0°153 parts per 100,000 parts, or ‘107 grains per gallon. 
I quite endorse what the Commissioners say in respect to water from 
the coal-measures generally, but where we have a great thickness of 
rock, as in the case of the Pennant around Bristol and Swansea, I think 
there may be an exception to what has been stated. Some years ago, 
it was proposed to supply a portion of Bristol with water from the 
Frampton Cottrell iron mines, which are in the Pennant, and the 
analyses made of the water showed it to be of good quality. Considering 
the quantity of water which this rock is capable of storing, the quality 


1 Page 40, part 2. 
2 Journal of the Chem. Society, 1882, page 79. 
8 Sixth Report, page 91. 
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becomes a matter of great importance to villages and towns in the 
vicinity. 

The only specimen of Triassic sandstone which I have had an oppor- 
tunity of examining is that of the Bunter, from Heidelberg, Germany. 
The specific gravity was 2°55, and the volume of water absorbed by a 
cubic foot of the rock was 0°838 of a gallon, equal to 70,000,000 gallons to 
a square mile 3 feet thick. Mr. I. Roberts, F.G.S.,! has made observations 
on the porosity of the Bunter from the Pebble Bed of Everton, and found 
the absorption to be 0°733 of a gallon of water to the cubic foot of rock. 

The Calcareous Rocks.—Coming to the calcareous rocks which I have 
examined, I have classed among them the Magnesian Conglomerate, 
which I take first. The average specific gravity is 2°73, and the volume 
of water absorbed by a cubic foot of rock varies between 0:082 and 
0°368 of a gallon, or between 6,000,000 and 30,000,000 gallons to a square 
mile 3 feet thick. This rock is extensively used for building purposes, 
and a knowledge as to the porosity of the various beds is therefore 
important in this respect as well as for water supply. It would appear 
from the specimens which I have examined, that the finer the conglo- 
merate the more water there is absorbed. 

Of the Magnesian Limestone, two specimens were examined, both 
selected from the same locality. The average mean specific gravity is 
2°77, the water absorbed by a cubic foot of the rock 1:031 gallons, and by 
a square mile 3 feet thick, 86,000,000 gallons. 

The Magnesian Limestone is much more porous than the Carboniferous 
Limestone, which I take next. AJl the specimens were obtained per- 
sonally, the first three from the lower shales. These gave a specific 
gravity of 2°71, with a porosity of 0°028 of a gallon of water to a cubic 
foot of rock, which is equal to 2,000,000 gallons to a square mile. The 
specific gravity of the specimens representing the limestone gave an 
average of 2°70. The volume of water absorbed by a cubic foot was ‘043 
of a gallon, or 34 million gallons to a square mile 3 feet thick. From 
these comparisons it would seem that the lower shales are least porous. 
Considering the large volume of water which these rocks supply, their 
not being porous will seem contradictory ; the fact is, however, that the 
water finds its way through joints and fissures, dissolving away the lime- 
stone, and sometimes forming subterranean reservoirs. 

We next come to rocks which are very pervious ; some of them, so far 
as their absorption of water is concerned, may be compared to an ordinary 
sponge. The rocks to which I allude are those of the Oolites. The 
specimens of the Great Oolite were personally selected from near Bath. 
The average specific gravity is 2°52, the water absorbed by a cubic foot 
of rock 1:706 of a gallon, or 142,000,000 gallons to a square mile 3 feet 
thick. The soft variety is the most absorbent. The specimens of Inferior 
Oolite were personally selected from near Cheltenham, with the exception 
of one from near Bath. As this rock is so extensively used for building 
and on account of the great volume of water which the beds contain, I 
have examined a number of representative specimens, but the variation 
in the porosity is so great that no reliable average can be given of the 
volume of water capable of being absorbed. The bed which absorbed 
the least was a hard variety of Oolite taken from below the Pisolite bed 
of Leckhampton Hill, near Cheltenham ; and the bed which absorbed the 
most was a soft variety of freestone from the same locality, but higher 


1 Fourth Report Underground Water Committee, page 16. 
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up in the series. The first of these gave 0°146 of a gallon to the cubic 
foot, or 13,000,000 gallons to the square mile 3 feet thick; and the second 
2°202 gallons to the eubic foot, or 184,000,000 gallons to a square mile 
3 feet thick. We may, therefore, take it that the yield of water from 
the Inferior Oolite varies between those limits. 

The Relation of Specific Gravity to Porosity.—In the report on Selec- 
tion and Decay of Stone of the Houses of Parliament in 1839! it is said 
that the specimens of rock which had the greatest specific gravity absorb 
the least quantity of water, though there are individual exceptions. I 
cannot say that my observations bear out this rule, and I doubt whether 
any such rule can be laid down. 

The Relation of the Size of Grains composing a Rock to the Porosity.— 
In the tabulated results I have given a column in which the size of the 
grains composing the rocks is given. The object of this was to ascer- 
tain whether any relation existed between the size of the grains and the 
porosity. In the sandstones and grits there appears to be no connection 
whatever, but in the Magnesian Conglomerate the finer the material of 
which a bed is made up the more water there seems to be absorbed. 
In the case of the Oolites the more compact the rock the less porous it 
becomes. 

The Purity of the Water.—On account of shallow well-water being 
almost invariably contaminated with organic matter, the Royal Commis- 
sioners on Rivers Pollution have classed shallow well-water as dangerous. 
On the other hand, deep well-water is classed as wholesome. It is, there- 
fore, clear, that if shallow well-water is dangerous and deep well-water 
wholesome, there must be a purifying process going on during the 
percolation of water through the strata. I have given the analyses of 
samples of Millstone Grit and of the Pennant Grit, and on an examination 
of these it will be seen that the grits are practically composed of grains of 
silica, There is, therefore, nothing in the chemical composition of the 
rock which could purify the water except mechanically, and in order 
to get rid of organic contamination there must be oxidation. We must, 
therefore, look to another source than the chemical composition of the rock 
for the oxidising agent, and I think it will be found in the air absorbed 
by the water and in the air contained by the rock. The water in the 
strata is constantly being drained by springs, wells, and outlets by which 
the water-level is reduced. During a dry period, then, the interstices 
of the upper portions of porous rocks must be either occupied by air or 
there must be a vacuum. The former of these two conditions is the most 
probable, and it seems reasonable to assume that the oxygen of this air 
must oxidise any organic matter contained in water percolating through 
the earth. I have made observations with a view of ascertaining the 
volume of air absorbed by certain rocks. I have endeavoured to arrive at 
the result. by displacing the air contained in given specimens by water. I 
have found the volume of water absorbed, and reduced it to the weight of 
air, assuming that water at 62° F. is 819-4 times heavier than air at the 
same temperature. By this means I find that a cubic foot of Inferior 
Oolite, absorbing 1 gallon of water, would, in the event of complete 
drainage off of the water, absorb 0°16 of its volume of air. In short, we 
find in the rocks of the earth much the same process going on naturally 
as the London water companies are doing artificially for the filtration of 


1 Page 36. 
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the London water-supply. The following is a section of the filter beds 
of the Chelsea Waterworks, for which I am indebted to the manager, 
Mr. Lott :— 


ft. in. 

Fine sand 4 ; ° . : 3.6 
Shells! . “ : c . 0 4 
Shingle . . - . . . 2 0 
Coarse shingle ? ° ° . . . ‘: Dinas 
Total? . . . . . . ° Ace 


The chemical analysis of the top bed of the filter, which does the 
work, gave the following :— 


Silica A ‘ : é a 5 ‘ . - 90:05 


Alumina . . 5 5 ; 2 ‘ 5 40 
Oxide of iron. ~ : f ‘ - ‘ - 6:90 
Carbonaceous matter : 6 c 5 - ‘70 
Carbonic acid . . 7 . o . : on sb0 
Magnesia j : qi . : - 5 ‘OL 
Alkalies . 5 é A é : c . trace 
Moisture. . - A A - ‘ < 4 "26 

99:97 


jEThe rate of filtration is 2 gallons per hour.! By comparing the 
chemical analysis of the filter-bed with those of the Millstone Grit and of 
the Pennant Grit, it will be seen that to all practical purposes the analyses 
are the same. ‘There is nothing in the chemical composition of the filter 
which can oxidise the organic impurities of the Thames water passing 
through, but the oxidation is effected by air between the grains of sand 
with perfect effect. It is much the same with water percolating through 
the rocks of the earth; it comes in contact with air collected in the 
interstices. With such rocks as the Mountain Limestone, however, where 
the water yielded comes through fissures and joints in the strata, and does 
not percolate, it is a question whether the purifying process would be 


always satisfactory. 


AppenDIx V.—List of Queries circulated. 


1. Position of well or shafts with which you are acquainted? 1a. State date at 
which the well or shaft was originally sunk. Has it been deepened since by sinking 
or boring? and when? 2. Approximate eight of the surface of the ground above 
Ordnance Datum (mean sea-level)? 3. Depth from surface to bottom of shaft or 
well, with diameter? Depth from surface to bottom of bore-hole, with diameter ? 
3a. Depth from the surface to the horizontal drift-ways if any? What is their 
length and number? 4. Height below the surface, at which water stands before 
and after pumping. Number of hours elapsing before ordinary level is restored after 
pumping? 4a. Height below the surface at which the water stood when the well 
was first sunk, and height at which it stands now when not pumped? 5. Quantity 
capable of being pumped in gallons per day of 24 hours? Average quantity daily 
pumped? 6. Does the water-level vary at different seasons of the year, and to what 


1 To keep the upper layer from mixing with the lower. 
2 Gradually increases in coarseness towards the base to prevent the pipes which 


carry off the water from becoming clogged. 
3 The arenaceous material is taken from the Thames, and is well cleansed by a 


powerful hose playing upon it. 
4 Colonel Bolton’s Report for February, 1882, for which I am indebted to the 


courtesy of Colonel Bolton. 
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extent? Has it diminished during the last ten years? 7. Is the ordinary water-level 
ever affected by local rains, and, if so, in how short a time? And how does it stand 
in regard to the level of the water in the neighbouring streams, or sea? 8. Analysis 
of the water, if any. Does the water possess any marked peculiarity? 9. Section 
with nature of the rock passed through, including cover of Drift, if any, with thick- 
ness? ga. In which of the above rocks were springs of water intercepted? 10. 
Does the cover of Drift over the rock contain surface springs? 41. If so, are these 
land springs kept entirely owt of the well? 412. Are any large faults known to 
exist close to the well? 13. Were any brine springs passed through in making 
the well? 14. Are there any salt springs in the neighbourhood? 15. Have any 
wells or borings been discontinued in your neighbourhood in consequence of the 
water being more or less brackish ? If so, please give section in reply to query No. 
9. 16. Kindly give any further information you can. 


Report of the Committee, consisting of Dr. H. C. Sorsy, Professor 
W. Ramsay, and Professor W. J. SoLLAS, appointed for the pur- 
pose of investigating the Conditions wnder which crdinary Sedi- 
mentary Materials may be converted into Metamorphic Rocks. 
Drawn up by Professor W. J. Sotuas (Secretary). 


Tur Committee have entered upon this investigation by commencing a 
study of the effect of highly-elevated temperatures and pressures on the 
solubility of minerals and chemical compounds ordinarily insoluble in water. 

They have succeeded in obtaining a simply constructed tube, in which 
the experimental substances can be heated in the presence of water to a 
high degree of temperature (800-400° C.) without the escape of steam. 
The tube consists of cast iron, is 4 in. long, with an internal diameter of 
# in., and walls 2 in. thick; the mouth is closed by a conical iron stopper 
ground to fit, and secured by screws and nuts to a marginal flange; to 
ensure complete tightness a washer of copper, or other soft refractory 
metal, is introduced before screwing up. 

Silica is the first substance which has been selected for examination, 
and the experiments with it have only recently been taken in hand. They 
have been conducted by Mr. Hunter, under the supervision of Professor 
Ramsay, in the laboratory of University College, Bristol. 

(1) A fragment of colourless, transparent quartz was reduced to fine 
powder, placed in a cage of platinum wire gauze, and so introduced into 
the tube, along with 10 cubic centimetres of water. The tube was then 
closed, and heated by a Bunsen’s burner to a temperature of 300°C. for 
two days. There was no sign of action; no residue was left on evapora- 
tion of the water, and the surface of the quartz retained its lustre. 

(2) Some powdered chalcedony taken from a clear hyaline specimen 
was similarly treated. It was slightly attacked, and on evaporation a 
distinct residue was left. 

(3) Some chemically pure silica was next prepared by precipitation 
from sodium silicate with hydrochloric acid, evaporation to dryness, 
thorough washing, and subsequent ignition. After ignition it was placed 
in the experimental tube, and heated to 300°C. for two days. At the 
conclusion of the experiment the impalpable powder of silica was found 
to have caked together into a white opaque granular mass. On examina- 
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tion under the microscope it was found to have passed into a state of 
glass. The glass itself is transparent and colourless, and hard enough to 
scratch ordinary window-glass; it is, however, filled with innumerable 
oval and tubular cavities, so as to resemble pumice, and it is to these 
that it owes its whiteness and opacity when seen by the unassisted eye. 
It is now in process of chemical examination. 

It is proposed to continue these experiments on silica, particularly 
under much higher temperatures than those hitherto employed, and to 
extend them to other substances. 


Report of the Committee, consisting of the late Professor A. LEITH 
Apams, Professor W. Boyp Dawkins, Dr. Jonn Evans, Mr. G. H. 
Kinanan, and Mr. R. J. Ussuer (Secretary), appointed for the 
purpose of carrying out Explorations in Caves of Carboniferous 
Limestone in the South of Ireland. 


Wirsin the past three months attempts have been made to effect an 
entrance from the face of the scarp into the series of caves discovered and 
reported on last year (1881) in the rock called the Carrigmurrish, but 
after a careful survey had been made, and levels taken from the several 
branches of the caves by Mr. Duffin, County Surveyor (whose kind assist- 
ance we wish specially to acknowledge), it was found that the caves lay 
at so low a level as to make such a mode of access to them practically 
impossible. The only entrance to them continues to be by the difficult 
descent within the rath on the top of the rock. A series of trial pits 
were then sunk with candle-light in the several branches of the caves. 
Beneath the stalagmite floor was in all cases a deep layer of tenacious 
clay, passing into gravel when the pits were sunk to the depth of about 
six feet. No animal remains nor other relics occurred in these trial pits. 

It is therefore probabie that the only objects of interest that will be 
yielded by excavations on the Carrigmurrish will be found in the kitchen- 
midden of the rath, much of which remains untouched. 

Our next operations were conducted in the Bone cave of Ballyna- 
mintra, which yielded remains of man associated with those of Irish elk 
and bear in 1879, as reported in the ‘Proceedings of the Royal Irish 
Academy for 1880,’ and more fully in the ‘Transactions of the Royal 
Dublin Society for 1881.’ 

In this cave a new chamber was cleared out down to the level of the 
stalagmite floor, and a portion of the latter was broken up, but as yet with- 
out result. Beyond this chamber, however, a new series of chambers. 
were discovered in which no excavations have been made. 

Excavations have therefore been carried on during the past season 
only to a very limited extent, owing to unusual demands on time and 
labour for other purposes. The amount expended in wages, &c., is but 
two pounds. 

The ossiferous caverns in the county of Waterford have not, however, 
been exhausted. ‘The Shandon Cave, which yielded so many fossil 
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remains of mammoth, bear, horse, reindeer, and other animals, remains in 
great part unexplored since the excavations of our late lamented friend 
Professor A. Leith Adams in 1875. He was then prevented from prose- 
cuting his work further by the danger of the impending roof coming away 
in fragments, the rock being full of horizontal splits, so that layers of 
stone are ready to fall if disturbed from beneath. Professor Leith Adams 
was anxious to resume the exploration of this great cavern, which has 
been so fruitful in Pleistocene mammalia, and stated it as his opinion that 
the superincumbent rock should first be wholly removed for a distance of 
fifty feet along the face of the cliff, taking the present mouth of the cave 
as the centre, and as far in as Cullen’s Chamber might extend. The cliff 
is over twenty feet in height, so that such an undertaking would involve 
considerable outlay, including compensation to the occupier of the ground. 
If, however, your Committee could undertake to have the work quarried 
at sixpence a cartload, the stone thus obtained might be sufficient recom- 
pense for the injury to land and fences. A very large quantity of stone 
would have to be removed, which could be done during the winter 
months, leaving the floor of the cavern open for excavation before next 
summer. It is difficult to estimate the probable expenses of this work. 
To do it effectively the cave should be properly opened up by the total 
removal of its roof. Professor Leith Adams expended 401. on the portion 
that he excavated in 1875, without having to remove any of the roof, as 
his operations were conducted near the mouth. A sum of 501. seems to 
be required for the work now proposed. 


Report of the Committee, consisting of Sir A. C. Ramsay, Professor 
J. Prestwicu, Professor T. McK. Hucues, and Mr. W. TopPLey, 
appointed to assist in the preparation of an International 
Geological Map of Europe. Drawn up by Mr. W. TopPLey 
(Secretary). 


Since the appointment of the Committee last year considerable progress 
has been made with the Geological Map of Europe. The International 
Geological Congress met at Bologna on September 26 last. Two 
members of this Committee, Professor Hughes and the Secretary, 
attended the meeting. The discussions extended over five days, but it is 
only with those immediately referring to the Map that this Committee is 
concerned. 

The Congress resolved to prepare and publish a Geological Map of 
Europe, with so much of Asia and Africa as comes within the border: 
the map to be published at Berlin on the scale of 1 : 1,500,000 (about 
23 miles to the inch). A Committee to carry out the work was appointed 
as follows :— 

MM. Beyrich and Hanchecorne for Germany (Directors of the Map). 

M. Daubrée for France. 

M. De Moeller for Russia. 

M. Giordano for Italy. 

1882. R 
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M. Mojsisovics for Austria-Hungary. 

Mr. Topley for England. 

M. Renevier, as Secretary of the Original Committee on Map Colour- 

ing. 

The details of the execution of the map were left to the Committee, as 
also were some questions relating to colouring. The Congress, however, 
decided upon the following colours :— 

Rose carmine for crystalline schists, whenever there is no certain 
proof that they are of Cambrian or Post-Cambrian age. 

Bright rose colour for rocks of Pre-Cambrian age. 

Pale rose colour for erystalline rocks of indeterminate age. 

Violet for Trias. 

Blue for Jurassic (the Lias a darker tint.) 

Green for Cretaceous. 

Yellow for Tertiary, the higher beds being the lighter shades. 

The subdivisions of a system are to be represented by shades of the 
colour adopted, the darker shade representing the older subdivision. 
Divisions may also be shown by reserved spaces of white or by lines. 

The lettering for sedimentary rocks to be based on the Latin alphabet; 
for eruptive rocks on the Greek alphabet. 

The monogram of a system to be formed by the initial capital of the 
name of the system; subdivisions to be denoted by the initial small 
letter of its name in addition to that of the system. Smaller divisions to 
be denoted by figures, one denoting the oldest example :—Silurian, 8; 
Ludlow, S!; Upper Ludlow, S®. 

The use of paleontological, orographical, chronological, petrographi- 
cal, and geotechnical signs is recommended. 

The arrangements finally made for the publication of the map are as 
follows :—Reimer and Co., of Berlin, are the publishers. The map will 
be issued in forty-nine sheets (7 by 7); the size of the entire map when 
joined together will be rather over 12 ft. by 10 ft. The British Isles are 
contained within two sheets, with a slight extension of the south-west of 
Ireland beyond the map-margin. The southern sheet contains a large 
part of the north and north-west of France. 

The cost of engraving and colouring the map, including the prepara- 
tion of 1,000 complete copies, is estimated at 4,0007. To meet this expense 
contributions will be given by the various Governments of Europe. 
England’s share of the expense is 4001., for which 100 copies of the com- 
plete map will be given. The Royal Society has voted the first instal- 
ment of 75/. from the Government grant; and has also given 75/. towards 
the cost of preparing the map in England so as to be ready for engraving, 
and of printing the reports of the various sub-committees on Geological 
Nomenclature, &c. 

England is also to supply the requisite information for the topography 
and geology of Palestine. 

The engraving of the map is well advanced. Streams and railways 
are given in great detail; the names of places of geological interest will 
be inserted ; also the names of the mountain chains and the heights of 
the chief summits (in metres). 
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Tenth Report of the Committee, consisting of Professor J. PREst- 
wicH, Professor T. McK. HucGues, Professor W. Boyp Dawkins, 
Professor T. G. Bonney, Dr. CrosskEy, Dr. DEANE, and Messrs. 
C. E. De Rance, D. MackintosH, R. H. Tippeman, J. E. LEr, 
JAMES PLANT, W. PENGELLY, H. G. ForpHam, and W. TERRILL, 
appointed for the purpose of recording the position, height 
above the sea, lithological characters, size, and origin of the 
Erratic Blocks of England, Wales, and Ireland, reporting other 
matters of interest connected with the same, and taking measures 
for their preservation. Drawn wp by Dr. CrossKey, Secretary. 


THE Committee have received the following accounts of Erratic Blocks 
examined during the past year :— 

Yorkshire.—Mr. Woodall has examined a number of boulders brought 
from the bottom of the North Sea north of Flamborough Head, and gives 
the following account of their position and character :— 

North of Flamborough Head large numbers of boulders are found 
strewing the bottom of the North Sea; but they are arranged very much 
in a belt, which is approximately parallel to the existing coast, at a 
distance of twenty to forty miles from the land. The outer or eastern 
edge of this belt is not well defined; but on the western side it would 
appear to have a sharper boundary, as the marks used by the trawlers 
to avoid the boulders show that the line is well marked. 

While preserving a line parallel to the existing coast, it is curious to 
note that just opposite to the mouth of the Tees the inner edge of the 
‘rough ground ’—by which name this belt is known to the fishermen— 
makes a sharp bend to the eastward, coinciding almost exactly with 
a line drawn down the Tees Valley. I venture to suggest that this 
large belt of erratic blocks is connected with the history of the giant 
glacier which descended the Tees Valley, bringing, among other stones, 
masses of the well-known Shap Fell granite. The boulders that I have 
seen brought on shore—having been trawled up by the smacks—are 
either of Shap granite or carboniferous limestone, and of these I have 
examined from sixty to seventy specimens. The rough ground—as far as 
I am aware—extends from the coast of Northumberland to the month of 
the Humber. While the boulder clay on the coast line contains blocks 
of carboniferous limestone and Shap granite, the glacial deposits in the 
valley of the Rye and Derwent—south of the Cleveland Moor district 
—are composed of oolitic and liassic detritus, and are very different 
from those on the coast, though only a few miles distant from each 
other. 


Warwickshire-—A. remarkable group of erratic blocks has been ex-. 
posed in some excavations made for building purposes in Icknield Street, 
Birmingham, between Key Hill and Hockley Hill. The section occurs: 
on the N.W. slope of the hill on which it is exposed, and consists of 
7 feet or 8 feet of glacial drift (the height slightly varying at different 
points), which immediately rests on an irregular and broken surface of 
the new red sandstone of the district, and is composed of about 1 foot. 
6 inches of surface soil. The ‘drift’ itself consists of erratic blocks, 

R2 
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intermixed with numerous round and oval stones and pebbles, together with 
small gravel, sand, and clay. In different parts of the section these 
materials occur in varying proportions, a light clay generally pre- 
dominating. The erratic blocks, however, so pervade the whole bed, 
and so thoroughly constitute a component part of it, that they cannot 
have been dropped into it either singly or by twos and threes. They 
must all have travelled together, for a certain distance at any rate, and 
have been brought down together to the spot at which they are found. 
They consist of— 

Felsites. 

Felspathic ashes. 

Shales and flagstones. 

Quartz conglomerates. 

Fragments of quartzite. 

Millstone grits (with Stigmaria). 

Fossiliferous calcareous sandstones of Llandovery age. 

The felsites and the felspathic ashes are the most abundant, and the 
Llandovery sandstones are the rarest. No granite has been found in 
this group of erratics. 

The sizes of the blocks vary. The measurements of a few of the 
largest are as follows :— 

20 in. x 20 in. x 8 in.; 26 in. x 15 in. x 14 in.; 28 in. x 29 in. 
x 10 in.; 32 in. x 18 in. x 16 in. 

Some are subangular; a not inconsiderable proportion are well 
smoothed, although they can hardly be said to be highly polished ; and 
on a few striz may be traced. 

Professor C. Lapworth has examined the specimens, and recognises a 
large number as being of rocks that occur in situ at the Berwyn Hills; 
others may be found in the Arenig range. 

The condition of the new red sandstone rock on which the boulders 
rest is most remarkable. The sandstone rock is broken up; and large 
fragments of it have been lifted up out of their position and thrust into 
the middle of the drift. At one point in the section a part of the rock 
has been lifted up almost like an arm, and still remains united with the 
basement mass, while the drift fills the V-shaped hollow. A large erratic 
block is seen close to the extreme end of the uplifted arm of the basement 
rock. 

The evidence of violence is complete. The breaking up of the sand- 
stone rock, the uplifting of parts of it en masse, and the carrying away 
of fragments, are facts as patent as the presence of the erratic blocks 
themselves. 

The Secretary of the Committee has had photographs of the section 
prepared, to be preserved with specimens of the erratic blocks found. 


The Rev. W. Tuckwell has called the attention of the Committee to 
some very interesting boulders at Stockton, near Rugby, about equi- 
distant from Leamington, Rugby, and Coventry. The dimensions of the 
largest boulder are 4 ft. x 2 ft. 4 in. x 2 ft.2 in. Itis in part angular, 
but some portions are rounded. One end is planed into two level 
slabs. No distinct striations can be traced. The direction of its longest 
axis is almost exactly N. and S. It is composed of granite from Mount 
Sorrel, Leicestershire. It is qnite isolated, and rests upon the lower 
middle lias clay. Its height above the sea is 289 feet. Through the 
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efforts of Mr. Tuckwell, measures have been taken for the pre- 
servation of this remarkable boulder. It has been moved from the 
roadside, where it was in great danger of being injured, placed upon a 
bed of concrete, and will be protected by railings. __ 

A second boulder, also composed of Mount Sorrel granite, has been 
dug up from 5 feet below the surface in Nelson & Co.’s lime-works, 
half a mile to the N. of the boulder just described. 

Its dimensions are 1 ft. 8 in. x 1 ft. 8 in. x 7 in. 

In the same lime-works, and at about the same depth, a boulder 
of quartzite has also been found. 

Its dimensions are 2 ft. 6 in. x 2 ft. 5 in. x 1 ft. 3 in. 

Fragments similar to this last boulder have been found in considerable 
quantities ; and from what the workmen say it appears that in past years 
many similar boulders have been discovered, and have been broken up 
in order that they might be got out of the quarrymen’s way. 


Leicestershire——Mr. W. Jerome Harrison has sent the Committee the 
following note on a Leicestershire boulder which has travelled north- 
wards :— 

In the construction of the sewerage for the Clarendon Park Ustate, 
near the Victoria Park, on the east side of the town of Leicester, some 
interesting sections of the drift were laid bare, which I examined in 
June 1880. Much of the drift exposed was of a loamy nature, containing 
erratics of moderately large size, and overlying, though with no well- 
marked line of demarcation between, the well-known great chalky 
boulder clay which spreads so widely in this district. 

Among the travelled rocks contained in this deposit I particularly 
noticed one angular block identical in appearance with the syenitic rock 
which forms Enderby Knoll (4 miles south-west of Leicester), and Croft 
Hill (about 2 miles further in the same direction). These South Leicester- 
shire syenites are well-characterised, and being somewhat abnormal their 
identification is easy. 

The surface of the Clarendon Park Estate is about 300 feet above 
sea-level ; while Enderby Knoll is about 350 feet, and Croft Hill 450 feet 
(these heights are approximations only). The block which I saw on the 
Clarendon Park Estate measured about 34 x 2 x 14 ft., and would 
weigh about three-quarters of a ton; it was Irregular in shape and very 
angular. As it did not interfere with the direct line of the sewer it was 
not removed, but was covered in.! 

Mr. J. Plant adds the following to his previous reports on the erratic 
blocks of this county :— 

Boulder in the parish of Aylestone (Ord. Map, 63 S.E.), in a field 
opposite the third milestone 8. of Aylestone. Its dimensions are 7 ft. 
x 6 ft. x 4 ft. About one-third of the boulder is buried in the ground. 
It is angular, and not known to have been moved by man. Longest axis, 
N.N.E. No striations are visible. It is granite from Mount Sorrel, 

1 The facts seem to the writer to show (1) that a submergence followed the retreat 
northwards of the great chalky boulder clay; (2), that when this submergence 
amounted to about 350 or 400 feet, the bosses of syenite w, occur in South 
Leicestershire stood as little islands above the sea; (3), that ‘coast ice’ formed on 
the margins of these islands, on which blocks of rock, detached by the frost, fell; 
and (4), that a current running northwards carried at least one of these blocks 


down the Soar Valley and dropped it where it now lies, on the eastern brow of the 
Valley at Leicester. 
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distance 9 miles due north, and no rock like it occurs in same locality. 
It may be noted that it lies due south of the ‘St. John’s Stone’ and 
the ‘Holy Stone’ mentioned in former reports, and would mark the 
line of the meridian. It is about 250 feet above the sea-level. A large 
photograph, 12 in. by 10 in., has been taken of it. It is connected with 
what are supposed to be ‘middle glacial sands,’ which appear to be 
the wreck of the ‘ Upper Keuper sandstone’ (found in situ near them) ; 
these glacial sands being spread in long sheets, or ridges. It rests upon 
sandy drift. The weight of the boulder is about 10 tons. 

At Beasley’s Farm, Aylestone, is a group of boulders. The smallest 
is 1 ft. 9 in. x 1 ft. 3 in. x 10 in, and the largest 3 ft. x 1 ft. 9 in. 
x 1 ft.3in. They are subangular. Rocks of the same character as the 
boulders (which are for the most part coarse sandstones), occur at Garrat’s 
Hill, 3miles N.W. Some smaller blocks, composed of millstone grit, must 
have come 40 miles from the N.W. The group is about 250 feet above 
sea-level. About an acre is covered by the boulders. There are seven 
large blocks of sandstone within an area of about 20 square yards. They 
are found in upper boulder clay lying upon middle glacial sands. A 
large photograph, 12 in. by 10 in., has been taken of this sand quarry. 

At the Clay-pit, Saffron Lane (Ord. Map, 63 N.E.), is a group 
of boulders. The smallest is 1ft. cube, the longest 4 ft. x 3 ft. Gin. 
x 2ft. The following are the dimensions of fifteen: 4 ft. x 3 ft. 6 in. 
x 2 ft.; 4 ft. x 2 ft. 9 in. x 1 ft. 6 im.; 3.3 im. x2 ft. x 1 ft; 
3 ft. x 2 ft. x 1 ft. 4 in.; 1 ft. 6 in. x 1 ft. x 10 in.; 1 ft. x 1 ft. 6 in. 
Sift. dan. ; 2 bine x, 2 fhe Xo Lodt. yh) dite Bian. & Lefts Seti 
2 ft. <1 ft. 4 im: x bb); 32 43) 1 f..8).4n.. x, Lites 2ifte % leona 
Bye dhiged fh. Brine xi bdti3 an .8.in, 3.1. £t..6 tsa ltecel eb. 
1 ft. 5 in. x 1 ft. x Gin.; 2 ft. x 1 ft. 6 in. x 1 ft. They are rounded, 
angular, and subangular. Many of the smaller boulders are striated on 
both sides. They are derived from Mount Sorrel, Markfield, Hartshill, 
Ashby Coalfield, South Derbyshire, and places near Belvoir Casiie. The 
distance from which these boulders have travelled ranges from 6 miles to 
40 miles. Of the blocks counted and measured, thirteen are granite 
from Mount Sorrel of both the red and white variety. Of the remainder, 
one is a block of black basaltic-looking rock, which may have come from 
the Hartshill range, Warwickshire ; the other is syenite from Markfield. 
The remaining twenty-two smaller blocks (not measured) are millstone 
grit, mountain limestone, chert, hard calcareous grits of the upper portion 
of the lower lias, and basaltic rocks. The group is about 230 feet above 
sea-level. The area opened is between 5 and 6 acres, and the boulders 
have gradually sunk to the bottom of the clay-pit, as the overlying 
‘drift’ in which they are found was gradually removed so as to get at 
the marl underneath, and now they lie scattered over the pit. Thirty- 
seven have been counted, and fifteen of them measure as stated above. 
These blocks are found in middle sands and lower boulder clay, which 
vary from 6 to 10 feet in depth, and rest upon the Upper Keuper Marl. 
Two large photographs have been taken, showing some of these boulders 
lying upon the red marl floor, and the lower boulder clay upon the 
red marl. 

On turnpike road opposite the New Gasworks, Aylestone (Ord. map, 63 
N.E.) was found a group of three boulders. The smallest is 4 ft. x 3 ft. 
x 3 ft.; the largest 6 ft. x 3 ft. 6 in. x 3 ft. They are subangular. The 
large face of one of the boulders is ground smooth, and has a number of 
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strie in various directions. They are derived from Markfield, 6 miles N.W. 
They are syenite, much decomposed by the decay of the felspar, and are 
about 210 ft. above the sea-level. They were found in making a sewer 
at a depth of about 4 ft. from the surface, resting upon the Upper Keuper 
Marl. As they stretched from side to side of the excavation the two 
large ones had to be blasted to get them out. The blocks have been 
removed to the Museum Grounds at Leicester. 

At Knighton, on the estate of Clarendon Park (Ord. Map, 63 N.E.), 
is a group of boulders. The smallest is 1 ft.6in. x 1 ft. 6 in. x 1 ft.; 
the largest 2 ft. 6 in. x 2 ft. x 2 ft. They are rounded, angular, and 
subangular. Some of the lower lias blocks are polished, rounded, and 
striated on both sides. These striations are in various directions. The 
distances of the rocks from which they were derived are as follows: 
About 20 miles N.E. for the lias blocks; 6 miles N.W. for syenites and 
granites; 10 miles W. for greenstones. They consist of calcareous grits 
from the upper beds of lower lias; granites, syenites, and greenstones are 
in greatest number. The group is about 300 ft. above the sea-level. The 
boulders from this locality extend over nearly 100 acres of ground, and 
some of them have been described in former reports. They have been 
found in making streets and sewers and digging foundations of houses, 
lying in upper boulder clay and middle glacial sands. 

In the parish of Thurnby (Ord. map, 63 N.E.) is a large collection 
of boulders. The smallest is a cube of 1 ft.; the largest 6 ft. x 2 ft. 
x 1 ft. 6in. Many are rounded and subangular. The majority are 
scratched with shallow scratches on both sides of the longer face at 
various angles. They are derived from South Derbyshire, about 40 miles 
N.W. They are composed of mountain limestone, millstone grit, and 
permian rocks. The group is about 500 ft. above the sea-level. The 
greater portion of these boulders (of which there are many thousands 
under a cubic foot) were turned out in making a tunnel on a new line 
of railway from Leicester to Melton. An excavation was made in lower 
boulder clay, which including the tunnel extended about 3 miles. This 
lower boulder clay was found to be 80 ft. deep in the tunnel-shaft, and rested 
on the black shales of the middle portion of the lower lias. Boulders 
have been found in the adjoining villages, and have been described in 
former reports. 


Shropshire.—The Committee have received from Mr. Luff a valuable 
veport upon the group of erratic blocks found in the neighbourhood of 
Clun, Shropshire. 

Professor Lapworth has examined a series of specimens, and describes 
them as Lower Llandovery grits and shales belonging to the Plinimmon 
group of central Wales. The hills from which they have been derived are 
all south of Bala, and situated almost due west from their present position. 

The following are the most remarkable among a large number of, 
boulders. The ‘ Great Boundary Stone,’ marking the boundary of Clun 
and Treverward townships. It is on Rock Hill, 52° 24/ 28” N.L.; 
8° 3’ 40” W.L., on the estate of Harl Powis. Its dimensions are 
6 ft. x 6 ft. x 2°5 ft. No striations can be detected, but it is angular 
and polished on one face. It is a cleaved flagstone, and has travelled 
from a point south of Machynlleth. It rests upon a bed of clay and rubble 
above the Upper Ludlow rock. Height above the sea, 1,152 ft. 

The ‘ Black Hill Boulder, 52° 24’ 40” NL; 2° 59’ 50” W.L. 
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This boulder may be calculated to contain from 8 to 10 cubic 
feet, and is subangular. It is a pebble grit belonging to the Plin- 
limmon group, and may have come, according to Professor Lapworth, 
from the neighbourhood of Rhaydr. So far as can be observed, it rests 
upon the same limit of bed as the Great Boundary Stone. Its elevation 
above the sea is 1,327 feet, and it is the highest of all the boulders of the 
roup. 

P The ‘10. Feet Boulder.’—This boulder is a pebbly grit of the Plin- 
limmon group, and is very remarkable in many respects. 

It lies on the Clun Hill, near Pen-y-wern, 52° 24/ 20” N.L., 3° 0’ 30” 
W.L., at an elevation of about 1,160 feet above the sea. It measures 
10 ft. x 3 ft. x 3 ft., and weighs probably between 6 and7 tons. It bears 
every evidence of having stood upright in the ground for a very long 
time. The base is tolerably angular and well-preserved, but the sides 
and apex are much weathered. About 4 ft. from the base it is deeply 
undercut, apparently all round, exactly as we should expect such a block 
to be where (on the ground-line) it had been most exposed to the combined 
influence of moisture and frost. 

About 120 yards distant, at the highest point of the hill it stands on, 
isa clump of young firs. Old inhabitants remember, before the trees 
were planted, a circle of stones (foreign-looking boulders), some 30 yards 
in diameter, existed here. The farmers, finding this piece of ground 
useless for agricultural purposes, carted the refuse of their fields—loose 
stones and weeds—on to it, and afterwards the firs were planted. 
Distinct traces of the stone circle are still to be seen.! 

The work of destruction among boulders is still going on with great 
rapidity. Many specimens are heard of as having existed some years 
ago, of which now no trace can be found. The Committee appeal, there- 
fore, to observers in all parts of the country to assist them in completing 
the record upon which they are engaged. 


1 Mr. Luff sends the following memorandum on the Clun 10 Feet Boulder :— 

‘A line drawn from the centre of this circle to the base of the boulder, if pro- 
longed, on one side would meet the point of lowest sunrise (December 21), and 
on the other that of latest sunset (June 21). This I have tested by mariner’s 
compass, making careful allowance for variation of the needle, and higher elevation 
of the opposite hills, and also by observation of sunset on and about the longest 
day. The boulder lies on the S.E. side of the circle, and in my opinion has been 
used as a gnomon to indicate the point at which the sun would be first seen on the 
shortest day. A spot more favourable for the observation or worship of that luminary 
could hardly be imagined. It is the centre of an amphitheatre of hills, the valleys 
are out of sight, and nothing is in view but hill-top below, and the dome of heaven 
above. 

‘It is impossible to say who first erected this rude obelisk, or worshipped at this 
circle, but associated with them on the same range of hills are many clearly Neolithic 
remains, nicely polished flint arrow-heads, flint cores, and broken fragments. 

‘It is to be hoped this interesting stone may be preserved as a monument of a 
bygone age.’ 
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Third Report of the Committee, consisting of Dr. H. C. Sorsy, 
and Mr. G. R. Vine, appointed for the pwrpose of reporting 
on Fossil Polyzoa (Jurassic Species—British Area only). 
Drawn up by Mr. Vine (Secretary). 


A PARTIAL examination of the Jurassic Polyzoa was made by Goldfuss,! 
but Iam not aware whether he had any English examples of the types 
described and figured by him. With the exception of the Aulopora all 
the types are foreign, and I do not find any reference to British species 
in his text. In the ‘ Geological Manual’ of De la Beche, published in 
1832, a list of species is given, but only two are named as found within 
the British area—Cellipora orbiculata, Goldfuss (= Berenicea, Lamouroux), 
and Millepora straminea, Phill. In the ‘ Geology of York,’ ed. 1835, 
Phillips gave three species only—WM. straminea, Cellaria Snvithii,? Scar- 
borough, and an undescribed Retepora(?). When, in 1845, Professor 
Morris published his ‘ Catalogue of British Fossils,’ there was a large in- 
crease of species, but many of these had not been thoroughly worked. 
In 1854, Jules Haime examined critically the whole of the Jurassic 
Polyzoa then known, and many English naturalists furnished him with 
material from their own cabinets so as to enable him to correlate British 
and foreign types. Lamouroux, Defranc, Milne-Edwards, Michelin, 
Blainville, and D’Orbigny have published descriptions of Jurassic species, 
and a list of these, so far as I am able, will be given at the end of this 
report. Professor D. Braun, by the publication of his paper on species 
found in the neighbourhood of Metz, added materially to our knowledge 
of French Jurassic types, and later foreign authors, Dumortier, Waagen 
and others, have increased the number of described species. Since the 
publication of Haime’s work much valuable material has been accumu- 
lating in the cabinets of collectors, and I would willingly draw up a 
monograph if desired to do so. In the meantime I offer, in the following 
report, a rather compact analysis of genera and species known by name 
or otherwise to the paleontologist. 


Classification.— Haime’s arrangements of the Jurassic Polyzoa is very 
simple ; all his species, excepting two, are placed in one family, the Tubu- 
liporide. In the ‘Crag Polyzoa,’ 1859, Mr. Busk gave a synopsis of 
the ‘ Cyclostomata,’ arranged in eight family groups, which were made 
to include several Mesozoic types. This arrangement, with a slight 
alteration, was followed by Smitt, Busk to some extent accepting the 
modification for the arrangement of recent Cyclostomata in his later 
work (‘ Brit. Mus. Cat.’ pt. iii, 1875). The Rev. Thomas Hincks 
(‘ Brit. Marine Polyzoa,’ 1880) disallows the family arrangement of Busk 
in so far as it relates to British species. The Tubuliporide, Hincks, in- 
clude, in part, three of the families of Busk. In this report I shall 
follow Hincks as far as I am able to do so, as many of the Jurassic 
species may be included in the family Tubuliporide as now described. 
It will, however, in the present state of our knowledge at least, be im- 


1 Petrifacta Germania, 1826-1833. * Hippothoa (2), Morris’s Catalogue. 
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possible to arrange the species stratagraphically, as many, having the 
same type of cell, range from the Lias upwards. As far as I am able to 
do so I shall give the range of the species, beginning, of course, with the 
lowest strata. 


Class Potyzoa. 
Sub-order Cyciostomata, Busk. 
Fam. I. Crisupm, Busk. 


No fossils belonging to this family are at present known to have existed 
in the Jurassic epoch. 


Fam. II. 1880. Tusunrrorip#,! Hincks. 


‘ Zoariwm entirely adherent, or more or less free and erect, multiform, 
often linear, or flabellate, or lobate, sometimes cylindrical. Zowcia 
tubular, disposed in contiguous series or in single lines. Oaciwm, an 
inflation of the surface of the zoarium at certain points, or a modified 
cell.’ (Vol. 1. p. 424.) 


1. Sromarorora, Bronn. 4, EnTaLopHora, Lamx. 
2. Tusunieora, Lamarck. 5. Diastopora, 55 (pars). 
3. Ipmonea, Lamouronux. 


1825. Sromaropora, Bronn. 
1821. Alecto, Lamx.; 1826, Aulopora (pars), Goldf. 


I have already done partial justice to the uniserial Stomatopora, found 
in the Palzozoic rocks? of this and other countries. I have again 
studied the species described by James Hall, Professor Nicholson, and 
myself, and I cannot, at present, detect any generic character in the 
species that may be used by the systematic paleontologist to separate 
the Paleeozoic from the Mesozoic types. I must, therefore, regard the 
Stomatopore of the two epochs as one, though the sequence is broken in 
the Paleeozoic—no species having as yet, I believe, been recorded from 
the Carboniferous series of this or any other country. 

Jules Haime has already pointed out the striking differences between 
the Alecto of Lamx. founded upon A. dichotoma and the Devonian 
Aulopora; but I have not been able to verify his strictures regarding 
the exclusion of the latter from this group. It may be possible, however, 
to find that corals and polyzoa have been unwittingly united in some of 
our identifications. Haime gives seven different Jurassic species as 
found in the Lias and Oolite of this and other countries. As far as my 
material will justify the assumption, I claim for our British area the 
following characteristic types. As they are somewhat different I give the 
characters of our own species and varieties. 


I. Sromarorora anTIQuA, Haime. 
(pl. vi. fig. 7,3 Jurassic Bryozoa). 


Zoarium branching dichotomously, branches contorted, very rarely 
anastomosing. Zoecia uniserial; lateral zocecia given off from either 


' For Synonyms see British Marine Polyzoa. 

° Brit. Assoc. Report, 1881. Silurian Uniserial, Stomatopora and Ascodictya. 
«Notes on the Wenlock Polyzoa,’ Quart. Journ. Geol. Soc. Nov. 1881, Feb. 1882. 

° The references to Haime’s work, Bryozoares Fassiles de la Formation jurasse. 
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the first or second cell of the branch, which in turn forms the base of a 
new branch; cells generally uniform in size, sometimes swelling towards 
the distal extremity; older cells slightly rugose, or granular; oral 
extremity raised at times with circular or semi-circular orifices; two 
cells average from three-quarters to one line in length. 

Locality, §c.—Lower Mid. Lias, Fenny Compton, on Gryphcew incurva. 
Cabinet of Mr. Walford. (Alecto dichotoma. Beesley.) 


Stomatopora dilatans montlivaltaformis (new variety). Zvarium, 
adherent, slightly ramified, consisting of short stem of uniserial zocecia, 
which gradually widens so as to form dilated branches, but of very 
irregular form. Zoecia, punctate, depressed; orifice circular, slightly 
raised; cells passing from uni- to tri-serial, and each cell measuring 
about half a line in length. 

Locality.—Lower Mid. Lias, Cherrington. 

Habitat.—On Montlivaltia Victoria.—Cab. Mr. Walford. 


The peculiar habit and cell-character of this type is so distinct from 
the former, that, after many grave thoughts, I have decided to give it the 
above name. On the same coral are specimens of Diastopora. 


SToMATOPORA WALTONI, J. Haime. 
(pl. vi. fig. 3, Haime). 


This species is found adherent to specimens of Diastopora from the 
Bradford clay, and also from the Cornbrash of Stanton. It assumes 
many peculiar habits, but the cell-arrangement generally is a rather con- 
stant feature. Sometimes it approaches the character of S. dichotomoides, 
D’Orb., at other times that of the recent S. granulata, M.-Ed. To the 
latter species Hincks! assigns a remote ancestry, and it is a difficult 
matter to say nay to his synonyms, and range in time, as all the uniserial 
Stomatoporce may be closely related. My own specimens from the Green- 
sand are too fragmentary to allow of a very close comparison. 

Localities, §c.—Approaching S. dichotomoides, D’Orbigny’s type, Great 
Oolite, Kidlington. Adherent to Terebratula mazillata. Cabinet of Miss 
Gatty. S. Waltoni type, Bradford Clay, and Cornbrash, Bradford and 
Stanton, Wilts. My own cabinet. 


In our modern classification (Hincks) we have a sub-genus, Proboscina, 
which links together the genera Stomatopora and Tubulipora. Haime’s 
second genus is also called Proboscina, but there seems to me to be a great 
difference between the recent and fossil species. The type of the recent 
sub-genus Stomatopora incrassata, Smitt, is a very peculiar species as 
regards the cells, and I know of no Jurassic type that can compare with 
it. The type of Haime’s genus is the Cellepora echinala, Munster or 
Goldfuss. This latter species is a Tertiary type from Astrupp, and I fail 
to recognise any species in the British area that can compare with this 
either. Seeing that D’Orbigny applies the term Proboscina and Idmonea 
indifferently for certain species; that Busk places the sub-genus with his 
Alecto; and that Hincks practically disallows the division, it seems to 
me only a matter of very questionable convenience to retain it. There 
are, however, certain as yet undescribed types in both the Inferior and 


1 Brit. Marine Polyzoa, vol. i. p. 426. 
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Great Oolite that are really passage forms—evolutionary stages—which 
can neither be claimed as Stomatopora nor Tubulipora, and much less as 
Diastopora. With the exception of one species, I believe—the P. David- 
sont, Haime, from the Great Oolite of Hampton Cliffs—all the other 
types are from the foreign Jurassic areas. J cannot in my material re- 
cognise P. Davidsoni, but I have drawings of species lent to me from 
the cabinets of Mr. Longe (Inferior Oolite), Mr. Walford, and Miss 
Gatty (Great Oolite)—that one would naturally place in this genus. The 
one type, especially from Mr. Longe’s cabinet from the Inferior Oolite of 
Cleave, near Cheltenham, in some of its characters approaches the 
P. Jacquoti, Haime, from the Inferior Oolite, Montveaux. There are 
other characters which would separate them widely. The same may be 
said of a very beautiful type in the cabinet of Mr. Walford, procured from 
the base of the Great Oolite. The species are adherent, as Haime de- 
scribes, and meshes are formed by the inosculation of the branches, but 
the cell characters and arrangements appear now as Stomatopora, and 
anon as Jdmoneaw; and I can well understand the confusion that was 
painful for Haime to note, when he says, ‘ The Cellipora echinata, Gold- 
fuss, appears to me to be the first fossil known to be referred to the 
division (Proboscina). The others, principally those of the Crag, have 
been described as Diastopora or else as Tubulipora, either by Michelin or 
by Lonsdale. D’Orbigny has at first shown them under the name of 
Idmonea, and afterwards that of Proboscina, originally applied by Audouin 
in 1826, He criticises Milne-Hdwards for having called Criserpia a 
species, which he, D’Orbigny, confounds with Proboscina.”! 

The true Jdmonea as an ERECT Jurassic type I do not know, though 
we meet with specimens partly adherent and partly erect in the cre- 
taceous series. In the ‘ Catalogue of British Fossils,’ Professor Morris gives 
Idmonea triquetra, Lamx., as found in the Great Oolite, Bradford, and 
Haime describes the same species in his text, and figures it (pl. vii. fig. 
1,a.b). I notice the same Idmonea arrangement of cells as in many 
undescribed species of Stomatopora (?) at present lying dormant in the 
cabinets of collectors and students, and it is very ditlicult to conceive 
where these shall be placed in our modern classification, if we destroy the 
genus Proboscina as a passage group, or get rid of Idmonea other than as 
an erect type. Busk says ‘ Zoarium usually erect,’ speaking of the 
fam. IpMonew®. Hincks, however, gives more latitude in his diagnosis 
of the genus Idmonea, for he says ‘ Zoarium erect and ramose, or (rarely) 
adnate.’ Seeing that this latitude exists of partly adnate and partly 
erect types in the work of one of our greatest systematists, I strongly 
advise our local students to seek to throw light upon the origin of this 
unique type of Cyclostomatous Polyzoa. The Idmonea triquetra is at 
present unknown to me, and I can only point out the lines along which 
research can be made. 

There is yet another type given by Haime to which I must direct 
particular attention. This is the Terebellaria of Lamouroux. I have 
been unable to refer to the original works for a description of the genus, 
but this has been done for me by George Busk, Esq., F.R.S., to 
whom I am indebted for the following very valuable particulars of the 
genus and species. 


1 Jules Haime, Jurassic Bryozoa, Genus Proboscina. 
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TEREBELLARIA, Lamouroux. 


‘A fossil, dendroid polypary, composed of cylindrical scattered 
branches, spirally twisted from left to right, or from right to left in- 
differently ; pores prominent almost tubular, numerous, disposed quin- 
cuncially, and more or less inclined according to their position with the 
spires.’ 

: Lamouroux says the genus should be placed after the Millepores and 
before the Spiropore, remarking ‘ that the Spiropore have the cells or the 
pores projecting as in Terebellaria, but that this character is observable . 
only in well-preserved specimens. When the prominent part of the spire 
has been worn by attrition, it looks like a narrow riband wound round 
the branch.’ 

Two species are described by the author, 7. ramosissima and T. 
antilopa, from the Terrain 4 polypes at Caen. 

Hagenow’s description is the same, but he includes in the genus 
Ceriopora spiralis, Goldfuss. 

D’Orbigny adopts the genus of Lamouroux with the following 
character :— 

‘Colony entirely fixed by the base, whence spring thick cylindrical 
dichotomous branches, often very numerous, and forming a dendroid 
growth. Hach branch presents three parallel spiral zones, which begin 
at the end of the branch in a projection formed exclusively of the germs 
of cells.’ He enumerates four species—T. gracilis, D’Orb.; T. antilopa, 
Lamx.; 7. ramosissima, Lamx.; and T’. tenuis, D’Orb. 

The peculiar habits of the species are remarkable. Haime says, 
‘The (colonial) development proceeds by layers of testules (cells), which 
superpose themselves by following a spiral line, and they increase after- 
wards downwards, covering themselves more and more.’ In the figs. 
of pl. vi. typical features of the species are given, but the very peculiar 
spiral habit of TT. ramosissima shown in transverse section, and the 
checked winding habit of T. antilopa, shown in longitudinal section, 
which will be further alluded to, may be seen in the figures of Lamou- 
roux, of which Mr. Busk has furnished me with tracings. 

The fossils which ordinarily pass for species of Verebellaria in the 
cabinets of collectors are a very curious group that may be more closely 
studied. My own studies are made from specimens from the Cornbrash, 
and Bradford Clay of Bradford and Stanton, Wilts, and it is from this 
locality that the School of Mines specimens were obtained. 

To properly master the details of colonial growth, it will be necessary 
to isolate a single colony. The one furnished by Haime as a specimen of 
a young colony on stone shows a tapering proximal point, gradually 
widening by the addition of cells, till a certain fanlike shape is arrived 
at. A similar growth to this is found in young colonies of Diastopora. 
If superficially examined it will be seen that the cells are peculiarly 
arranged, beautifully punctured, with an orifice sometimes circular, at 
other times semi-circular, and sometimes the cell characters of portions 
of the colony bear a resemblance to Bidiastopora ramosissima of D’Or- 
bigny. A complete and critical examination of the type will show that 
any fragment of stone or shell is sufficient to form the nucleus of a colony. 
It begins with a primary cell and then enlarges in a spiral direction, but 
to what extent the riband-like growth would be carried without a check 
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Iam unable to say. In another direction a similar colony will be de- 
veloped, the distal cells of which will ultimately meet and coalesce, both 
colonies striking out in fresh directions till met by another check, the 
growth not always being in an upward direction. The dendroid 
character of species is perfectly accidental. 

With regard to the proper location of the type authorities differ. Pro- 
fessor Busk places it in the family Idmonide. In referring to Heretopora 
(‘ Crag Polyzoa,’ p. 121) he says, ‘ Milne-Hdwards, in his second edition of 
Lamarck, 1836, placed amongst the heterogeneous Polypiers foraminés, 
Pustulopora, Chrysaora, Theonoa, and Terebellaria.’ Jules Haime places 
. the genus immediately after Idmonea and before Berenicea, and it is near 
to, or, if need be, as a sub-genus of, Diastopora that I would be inclined 
to leave it. In accordance with this I think it will be best to redescribe 
the species. 


THEREBELLARIA ramosissima, Lamx. 
1816. Millepora, William Smith.—(Clay over Upper Oolite.) 
Terebellaria.—(Of authors generally.) 


Zoarium, a thin riband-like layer of cells encrusting foreign bodies, or 
coiling itself upon its own previously formed zoaria, ultimately assuming 
a spiral, ramose, dendroid or massive form. Zowcia slightly elongated, 
sometimes disposed in spiral lines, rather more produced at the distal 
than at the proximal part of the cell; peristome thick, orifice circular, 
occasionally semi-circular, front of cell finely punctured. Oecia, an 
enlarged globose cell, having beneath the orifice a semi-circular cluster 
of punctures definitely arranged. 

Localities—My own cabinet, Cornbrash, Stanton, Wilts ; Forest Marble 
Box; Bradford. Clay, Bradford, Wilts; Mr. Walford’s cabinet, rich from 
several localities; School of Mines. 


Genus Drastorora, Lamx. 
Sy. with Berentcea (pars), Lamx. 


I am willing to accept this genus, in its wider sense, as defined by 
Hincks; yet I hardly think that it will be possible to include the whole 
of the foliaceous forms of the Jurassic period in one group. In this 
report I shall adhere to the arrangement of Busk, as I have done in my 
two papers on the Diastoporide, keeping the foliaceous types for distinct 
study. At the same time I am willing to admit that in getting rid of one 
difficulty in our grouping we open the door to admit others. Haime 
admits both the encrusting and foliaceous types; accepting the genus 
Berenicea for the encrusting, and Diastopora for simple-foliaceous and 
retiform species. Professor Braun, in his Jurassic studies, separates the 
species Diastopora foliacea from the group and establishes another, which 
he calls Hlea, claiming for his type certain peculiarities which have been 
entirely overlooked by authors. It is very certain that the more closely 
we examine Jurassic Polyzoa and compare them with modern species of 
the genus Diastopora, the more divergent the types appear; and although 
we would rather accept a simple than an elaborate classification, still 
there are limits beyond which it is not wise to go. 

The genus Berenicea was established by Lamouroux, and included in 
it, beside the fossil species, B. dilwviana from the environs of Caen—two 
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living species. These, Haime says, he could not find in the Caen Museum ; 
consequently they are not determinable by their figures alone. The 
Zoarium is adherent-encrusting, and formed of superimposed layers ; the 
development commences in a simple manner, and is radiating or fanlike. 

The Diastopora of Haime has a Zoarium with a large base, elevated, 
foliaceous or frondescent, sometimes reticulated, formed of ascendant 
leaves folding back upon themselves, and closely cemented in such a 
manner as to present often two shelving planes of cells. Then the planes 
are united by a laminated calcareous epidermis.} 

Diastopora foliacea, of Lamx., covers two distinct types. One has been 
well worked out by Professor Braun,? and upon this he seeks to estab- 
lish the family Operculata, order Eleina, naming his type Hlea foliacea. 
The other species Milne-Edwards named D. Lamourouzi; and it forms 
with D. Walton’, Haime, the Diastopora simples of Edwards. The next 
section of Haime and Edwards includes the whole of the Biserial species. 
For these Blainville, in 1830, or rather for a section of the now recog- 
nised species, founded the genus Mesenteripora, still retained by Busk in 
the Crag Polyzoa and Cyclostomata,’ and in his list of Polyzoa collected 
by Captain H. W. Fielden (‘ Jour. of Linnean Soc.’ 1880), and also by 
Mr. Waters. Blainville’s genus is again rechristened by D’Orbigny, and 
becomes Bidiastopora ; establishing for the D. lamellosa a special genus 
which he calls Latero-nvultelea. 


Genus DiAstopora, Lamouroux. 
Sy. with Berenicea (pars), Lamx., ‘ Expos. Meth.’ 1821. 


Haime figures and describes five species of Berenicea and fourteen 
Diastopora as present in the Jurassic series. I shall only notice those 
species which are found in the British area. 

I have already, in a previous paper, drawn attention to four types 
of Diastopora (Berenicea, Haime), not previously noticed by authors. 
They are 


1. D. stomatoporides, Vine. 3. D. oolitica, Vine. 
2. D. ventricosa t 4, D.cricopora ,, 


These species range from the Lias to the Great Oolite; and for par- 
ticulars, details, and description I refer the reader to the paper itself. 

Before leaving this purely descriptive part, I wish to speak of a 
paper ‘On the Relation of the Escharoid Forms of Oolitic Polyzoa,’ by 
Francis D. Longe, F.G.S.° In this paper Mr. Longe very ably discusses 
certain peculiarities of cell-character, showing their apparent relationship 
to the Escharoid forms of the Cheilostomata; especially drawing the 
attention of the paleontologist to the opercula of the Oolite species. 

There are many discrepancies in our modern classification of the 
Polyzoa; and Mr. Longe has, by the publication of this paper, increased 
our knowledge of their number. Seeing that the whole of the remarks 
are founded upon facts gleaned from a comparative study of Oolitic 
specimens, we cannot do more than accept the hints and illustrations, 
and work them into our future histories rather than ignore them altogether. 

1 Ttalics mine. 

2 Die Bryozoa des Mittleren Jura, 1879. 8 Brit. Mus. Cat. pt. iii. 


4 Further notes on the family Diastoporide, Busk, Quart. Jour. Geo. Soc. August 
1881. 


5 Geological Magazine, January 1881, 
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I cannot, however, see my way clearly at present to accept without a 
demur his conclusions. As a ‘suggestive sketch of the genealogical 
arrangement of certain families,’ Mr. Longe offers the following :— 


‘Race DIASTOPORIDA. 


‘Families or genera represented in the Oolites :— 
‘ Creeping.—Diastopora. 
‘ Foliaceous.—Bidiastopora, Mesenteripora, Elea, Eschara. 
‘ Dendroid.—Cricopora, Melicertites, Entalophora.’ 


The remaining portion refers to species found in the Chalk and sub- 
sequent periods. 


DIASTOPORA DILUVIANA. 


Berenicea diluviana, Lamx. B. diluviana, Haime. 
Berenicea dilwv., or Diastopora diluv. of authors generally. 
Repto-multisparsa diluv., D’Orb. 

This species is present in the Inferior and also in the Great Oolite, 
and the name should be restricted to the thin, papyraceous specimens 
which encrust, with varying habits, stones and shells. The Zoariwm, in 
its youngest stage, begins with a primary cell, which gradually increases 
in size till a small fanlike outline is reached, some of the cells turning to 
the right, others to the left of the primary one. After this the Zoariwm 
is of varying habit, and all the cells are deeply immersed, and specimens 
appear like a continuous cceniceum, very much punctured, the peristomes 
only rising but very slightly above the surface. The cells are distinct, 
and in very sheltered parts of the Zoariwm the distal portion of the tube 
is much produced. 

Localities.—Inferior Oolite abundant at Cleave, near Cheltenham. 
Cabinets of Mr. Longe and my own. 


DiasTopora MicrostoMA, Michelin. 


Berenicea microstoma, Haime, pl. vii. fig. 3, a.d. 
bs undulata, D’Orb. (Pal.), France. 
Repto-multisparsa microstoma, D’Orb. 


I feel certain that this species, though much smaller in the cells, has 
at times been identified with the one above. It is only on very rare 
occasions that the two could be possibly confounded. The most distin- 
guishing features of this species are the proliferous habits and the small- 
ness of the cells. Some of the cells, too, appear like those of Diastopora 
Lucensis. 

Localities—Abundant in the Great Oolite, generally encrusting spe- 
cies of Terebratula. The cabinet of Mr. Walford very rich. Haime 
gives Hampton Cliffs as one of the localities from which he cbtained 
his specimens. 

I wish to draw particular attention to this species on account of its 
peculiar proliferous habits. Many of the fresh colonies originate from 
some of the marginal cells of the older colony. They begin with a 
primary cell as ordinary Diastopora, and the zoariwm very soon assumes 
a fanlike, then a circular, habit. Newer colonies also cover the older 
ones, and the innumerable growths give a very thick appearance to the 
blended Zoaria. 
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Another British species is given by Haime :— 


Diastopora Lucensis (Berenicea, pl. vii. fig. 4, a.c). 
= _ diluviana, Milne-Ed. 
=: Multisparsa Luceana, D’Orb. 


Localities —Hampton Cliffs, Walton ; Bradford Clay and Cornbrash, 
Laycock. 


II. Bisrrtan Diastorora, Milne-Kd. 


Mesenteripora, Blainville ; Brorastorora, D’Orb.; Diraxta, Hagenow. 


It is well that the encrusting and biserial Diastopora should be sepa- 
rated, but not widely so. In the choice of the above names I have 
selected the simplest—Diastopores biserialaires of Milne-Edwards—because 
it has the precedence of the Bidiastopora of D’Orb. Busk—in the ‘ Crag 
Polyzoa’ and in the ‘ Brit. Mus. Cat.’ pt. iii—has chosen Blainville’s 
name for this division of the group. 

My chief objection to Blainville’s term for the biserial species may be 
found in the diagnosis as given by Busk: ‘ Cells in two layers, parted by 
a calcareous septum.’ In all the specimens figured in ‘Crag Polyzoa’ ! 
of Mesenteripora meandrina the transverse sections of the foliaceous zoa- 
rium are shown to have this septum very distinct. In many of Haime’s 
figures where cross sections are given, the septa are also shown to be 
present. It seems to me, judging from the foliaceous specimens in my 
own cabinet, that this ‘calcareous septum’ is only an apparent, and not 
a real character. If sections are made in a line with the cells, the only 
axis visible is that made by sections of the cell-walls. In a cross section 
of the foliations there is an apparent septal division, but the more closely 
this is examined the less real will it be. The septal divisions of D. scobi- 
nula, D. Terquemi, and D. cervicornis, as given by Haime, show one, two, 
and three sections of cells on either side of the septal line ; and specimens 
of Inferior Oolite species found in the neighbourhood of Cheltenham are 
in many respects of a similar character. As I have been able to examine 
only a very limited number of species, I should be glad to have more 
detailed information if students of our Oolitic Polyzoa will address their 
attention to this point. Meanwhile, by selecting the divisional name of 
Milne-Edwards I shall not commit myself to any generic name dependent 
upon a questionable structural character. 

Jules Haime, after very careful working, saw reason for establishing 
fourteen species of biserial Diastopora, the whole of which are not found 
in the same horizon in either this or other countries. Leaving D. foliacea 
and D. Lamourouxii we have nine foliaceous species as common to the 
Jurassic Fauna generally. Some of these range from the Inferior to the 
Great Oolite and the Cornbrash ; whilst others, so far as observation at 
present favours us, are confined to one horizon only. ‘Two species given 
by Haime—D. Michelini, Blainville, and D, Eudesana—range from the 
Inferior Oolite through the Great Oolite; and, according to Busk, is 
possibly identical with the Mesenteripora meandrina found amongst the 
Crag Polyzoa, and in recent Arctic fauna. I cannot assert positively that 
the species are identical, or that we ought to accept all the synonyms of 
Busk: still there is great probability in their favour; but the frag- 
ments of Busk will bear no comparison in point of size with the fine 


1 Plates xvii. fig. 2; xviii. fig. 4; and xx. fig. 2, pp. 109, 110. 
1882. S 
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specimens from the Jurassic formations in the cabinet of Mr. Longe. The 
cells are very similar in character, both in their worn and in their perfect 
state. 

Two other species—D. Wrighti (D. foliacea of Mor. Catalogue), and 
D. Mettensis—are both Inferior Oolite types; the first ranging from the 
Inferior to the Great Oolite in this country. The D. Wrighti also may be 
the Bidiastopora and Mesenteripora meandrina of D’Orb. Mr. Longe— 
who has made careful observations on the species—has selected for illus- 
tration the most typical features of cell arrangement and character of the 
two types ; and Dr. Woodward, in the beautiful plate which illustrates 
Mr. Longe’s paper on the ‘ Escharoid Forms of Oolitic Polyzoa,’! has 
done ample justice to the selection. A comparison of the two types of 
cell in figs. 2 and 3 of that plate will give special details of structure 
sufficient to justify Haime in their separation as species. It must not be 
supposed, however, that the character and arrangement of the cells are 
always so clearly defined as in the plate. The cells vary very much, and 
it may be possible to find similarly shaped cells to these in other species 
of the Oolitic Diastopora. 

Haime gives us another type of Diastopora cell as found in a species 
in the Inferior Oolite cf this country, and also in the Great Oolite of Ran- 
ville and Caen. In tne plate already referred to (fig. 4) Mr. Longe has 
selected for typical illustration a specimen from Caen. Haime calls it D. 
lamellosa, Mich., and gives as its synonyms Flea, Multelea and Latero- 
multelea Ranvilliana, D’Orb. and Eschara Ranvilliana 2 of Michelin. 
Relying upon the evidence of Mr. Longe, I cannot help but select his 
opinion on this type. Speaking of the illustration, pl. 11, fig. 4, ‘ Geo. 
Mag.’ Jan. 1881, he says, ‘I have little doubt but that this form is the 
Eschara Ranvilliana of Michelin. In his figure the areolation is slightly 
more angular than in the part shown in (my) figure. Jules Haime has 
classed a somewhat similar form as D. lamellosa. D’Orbigny’s Eschara 
or Hlea triangularis is evidently a very similar form.’ The type of cell 
Tam not familiar with as a British species. 

In the Diastopora Waltoni, Haime, and in the D. Davidsoni, Haime, one 
from the Inferior Oolite near Cheltenham and the other from the Great 
Oolite Hampton Cliffs, we have types of cells far from being unique. The 
same may be said of the cells of D. Hudesana, Haime, also a Great Oolite 
type. The same peculiarity of cell structure and arrangement may be 
found in some of the adherent or encrusting Diastopora, as in the more 
richly developed foliaceous species, but whether the foliaceous species as 
a whole are developed from the encrusting forms I am unable to say. In 
all probability they may have been so, and this would justify the Rev. 
T. Hincks in breaking up the artificial divisions and classifying the 
foliaceous and the encrusting species under one generic term. 

In the D. cervicornis,* Michelin, of which species the Bidiastopora and 
Elea cervicornis of D’Orb. are synonyms, we have very insufficient data to 
deal with. It is said to occur both in the Great Oolite of Ranville, and in 
the Bradford Clay of Pound Hill. I am not acquainted with the species 
as a British type. 


! Geological Magazine, January 1881. 

* A beautiful illustration of this type is ¢iven in Nicholson’s Palaeontology, vol. i, 
p. 420, fig. 270. 

° Geo. Mag., January 1881, pp. 33, 34; descriptive text of fig. 4. 

4 For illustration, see Nicholson’s Paleontology, vol. i. p. 431, fig. 272. 
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Many valuable foliaceous types are in the cabinet of Mr. Longe, and 
a few are in the Museum of the School of Mines, and in the Cambridge 
Museum. Some few of Mr. Longe’s specimens I have been allowed to ex- 
amine, and I have five species in my own cabinet. These I have examined 
both in the mass and in sections before drawing up the details furnished 
in this report. It is high time that a monograph of British Jurassic 
Polyzoa should be undertaken by some competent authority before the 
masses of material at present in the hands of private collectors are again 
scattered, as previous collections have been, without note or comment. 
Besides my own specimens I have examined many in the cabinets of 
Mr. Walford and his friends. If these could be compared with the type 
specimens named by Haime, a more valuable addition to Paleontology 
could be made than we at present possess. In the work of Professor 
Phillips, ‘ Geology of the Valley of the Thames, 1871,’ it is painful to 
read his remarks on the Polyzoa of the various formations laid bare in 
the valley. Speaking of Liassic Polyzoa, he says, ‘specimens have been 
observed at Fenny Compton.’ Of the Inferior Oolite, * Insufficiently 
examined in the series.’ In the Great Oolite only four species are given 
—Alecto dichotoma ; Cricopora straminea, Phill. ; Diastopora dilwviana, and 
Terebellaria ramosissima. 

Of the Oxford Oolitic Period, Phillips says, ‘The rarity of Polyzoa in 
the Oxford Oolites and Clays is somewhat remarkable, and appears to 
be in some way related to the even more remarkable rarity of Brachio- 
poda, on whose shells in the Bath Oolites so many of these beautiful 
objects are found.’! In the Cretaceous system (p. 434), a list of nearly 
fifty species of Polyzoa is given by the author as occurring in the valley 
of the Thames. 

I have before me a very valuable series of notes compiled by Mr. 
Walford, on species of Polyzoa found in his own neighbourhood. If other 
students would undertake to furnish notes of a similar character of other 
localities, a compilation of the range of types would be easily made. As it 
is we have insufficient data and ill-digested identifications to deal with. 


1821. Genus Sprropora, Lamouronux. 


1822. Inrricarta, Defranc. 1830. Cricorora, Blainville. 1840. Murni-- 
CERITITES, Roemer. 1850. EntatopHora, D’Orbigny. 1853. Cricopora, 
Sprropora, Tusicera, Muticeritites, LarerorusiGRa, HnraLopHora, D’Orb. 
Paleontology. 


I have already vindicated by use and preference the retention of this 
genus for species of Paleozoic Polyzoa.? I still retain the name for 
species of the genus very common in the Mesozoic rocks. I have also 
given the synonyms with their dates of genera intended to supersede 
Lamouroux’s original term. It may be as well to define and limit the 
genus as applicable for the reception of Paleozoic, Mesozoic, and Cainozoic 
species. I am not aware that any recent species of Polyzoa can be in-. 
cluded in the group. 

‘Zoariwm dendroid with dichotomous branches. Zowcia elongated,, 
closely connected laterally, but less distinct at the base, perforated with, 
very small and round pores . . . Peristomes circular, more or less pro- 

1 Pp. 123, 239, 302. 

? «Notes on the Wenlock Polyzoa, Quart. Jour. of Geo, Soc. February 1882, 
pp. 43-68, 

$2 
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jecting, forming at the surface of the branches circles which ordinarily are 
not complete, and each of them constitutes one of the turns of a spire 
many times interrupted. These rings appear more regular when they are 
distant from each other; when they are crowded they are often difficult 
to recognise.’ ! 


Sprropora Liassica, Tate. ‘ Geological Magazine,’ 1875. 


This species has been very well described by Professor Tate in the 
above magazine. I have seen the type specimen, which is in the Museum 
of Practical Geology. But my own specimens, given tome by Mr. Walford, 
are different from the types of Tate. The zoarium is more flattened 
and the cells are longer and more irregular. The type of cell approaches 
nearer to that of Diastopora stomatoporides, Vine (‘ Jour. of Geol. Soc.’ 
August, 1881), than that of ordinary Spiropora. 

Localities—Leptena beds of Moy., King’s Sutton. Amm. spinatus 
beds (Beesley). 

Haime admits eight accredited species, but only three are present in 
our British area. SS. straminea, Phill.; S. cespitosa; and S$. Bajocensis. 


SPIROPORA STRAMINEA. 
Millepora straminea, Phill., ‘Geo. of York,’ pl. ix. fig. 1. 


This species as figured and described by Phillips in the above work is 
that ordinarily met with in fragments. The zoariwm is dendroid, variously 
branched, branches anastomosing so as to form an intricate amalgamation 
of branches, all of which are of the ordinary size. Zowcia tubular, arranged 
in series spirally, peristomes circular, slightly raised. 

This species is widely distributed, ranging from the Lower Oolite to 
the Greensand, and on account of the very peculiar habit of the amalgama- 
tion of the branches it received from Defranc the name of Intricaria. 
Blainville gave two species the name of Cricopora, because the cells are 
arranged in rings. This is the character of Ceriopora verticillata, Goldfuss, 
which is given as a synonym of the species by Professor Braun. It has 
also received the name of Latero-tubigera from D’Orb., but Professor 
Braun prefers to adopt the generic name of Entalophora for the two 
species described by him as found in the middle Jura of the neighbour- 
hood of Metz. 

Localities.—Inf. Oolite, Peagrit, Cheltenham. Great Oolite, Scar- 
borough, Phillips, ‘ rare in this stratum.’ 


SPIROPORA CHSPITOSA, Lamouroux. 
Cricopora, Blainville. Entalophora, Professor Braun. 


This species is distinguished by much thinner and more slender 
branches. The spiral arrangement of the cells is somewhat similar, but 
the tufted character is a distinguishing feature. 

Localities.—Inferior Oolite, Base of Oolitic Marl., Nutgrove station. 
Morris cites Hampton and Bradford. 


‘ Haime’s Jurassic Bryozoa. One passage has been left out respecting ‘trans- 
verse diaphragms,’ which I have not been able to verify. 
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ENTALOPHORA CELLAROIDES, Lamx. (Pustulopora, Nicholson.) 
Plate ix. fig. 8, a. b. Haime’s ‘ Jurassic Bryozoa.’ 


This species is described by Haime as above. It is very different from 
any of the Spiropora described by him, and he says that an ‘ incomplete 
example was furnished to him by Walton, procured from Hampton Cliff.’ 
I am not acquainted with the type. 

Judging from the figures given by Nicholson (p. 430, ‘ Paleontology,’ 
vol. i.), this is a true Hntalophora, well deserving of separate recognition. 
Under any circumstances it could not be confounded with Spiropora. 


Fam. III. Horneripz. Hincks. 


This family contains only one genus, Hornera. There is no repre- 
sentative of the family, in Brit. Jurassic Rocks at least, and I am not aware 
of any recorded species of the genus in Foreign Oolites. Asthe Rev. Thomas 
Hincks says that ‘the genus Hornera is connected with TUBULIPORIDA, 
through Idmonea,’ to which it bears in many points a very close resem- 
blance,! in all probability early types of the genus, as defined by him, 
may yet be found in either the Jurassic or Cretaceous rocks. The Sipho- 
dictywm, of Lonsdale, is given as one of the synonyms of Hornera.? 


Fam. IV. LicHENOPORID. 


This is the last family given by Hincks in which Jurassic Polyzoa can 
be placed. The genus Lichenopora of Defranc has also a number of 
synonyms, but as species of the genus are rare in the Oolites, we find 
only one recorded. Haime says the genus has not been represented until 
now, other than by Tertiary or Cretaceous fossils. In Lichenopora 
Phillipsii, derived from the Great Oolite of Hampton Cliff, the zoariwm is 
disciform, very slightly elevated, and adherent only by the middle of its 
inferior face. The upper surface resembles a fungus, with unequally 
developed rays formed of a series of long zocecia, ordinarily doubled. The 
peristomes are polygonal, regular, and closely connected. 

Species of the genus, in all probability the same as above described, are 
found in the Inferior Oolite, but too indistinct for description. 

Another peculiar genus of Lamouroux’s is accepted by Haime— 
Apsendesia—in which to place two species of Jurassic Polyzoa. In his 
synoptical arrangement of the Polyzoa Cyclostomata, Busk places this 
genus in the family Turonoipm: ‘ Zoariwm massive sub-globose, or 
irregular; zowcia contiguous crowded.’ Haime describes in the foreign 
Oolites two species—A. cristata, Lamx., and <A. clypeata, Lamx. I 
have no means of studying these, but Professor Braun, in his paper, places 
as the synonyms of Apsendesia—Defrancia and Pelagia. In his descrip- 
tion of the Hascicularia of the Crag—one of the genera of THEONOIDE— 
Mr. Busk places Apsendesia (pars), Blainville; questioning its affinity 
with Lamouroux’s type, as one of the synonyms of the Fascicularia of 
Milne-Edwards. Facially the specimens of Lichenopora found in our own 
Oolites may bear some resemblance to the figures of Haime, butas there was 
some confusion in the mind of Blainville when drawing up the characters 
of the genus Apsendesia, the student will do well to refer to the ‘Crag 


1 Brit. Marine Polyzoa, vol. i. p. 467. 2 Ibid. 
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Polyzoa’ (p. 139) for a description of Fascicularia, as given by Busk, and 
its relationship to Apsendesia cristata, Lamx. 

Since the above was written, Mr. Walford has kindly furnished me 
with the following note on this genus, and of species in his own cabinet. 

‘Apsendesia cristata, Lamx. The Barford, Oxon, specimen agrees 
fairly with Haime’s description, excepting that it seems to be attached 
not by a central base, but to be adherent by its whole breadth. It seems 
to be more regular than most of the forms figured. 

‘ Locality.—On the inside of shells; Inferior Oolite. 

‘ Apsendesia, sp. The fascicule are rather coarser, slightly sinuous, 
and less numerous than in the species mentioned above. 

‘ Locality.—-On stones ; Inferior Oolite ; Stowe-on-the-Wold.’! 

There are still several genera described by Haime which, on account 
of their rarity, have not been so closely studied. One of these—Fascicu- 
lipora, a genus of the family Fronpiporma, Busk—has assigned to it a 
species I’. Waltonit, Haime. It is found in the Great Oolite at Hampton 
Cliff. This genus is still represented by at least two species in the 
Australian and South Patagonian Seas. In the Crag Polyzoa three 
species are described under the generic term of Fungella, Hagenow, in the 
family Crrtoproripa, Busk. 

Theonoa, Lamx., is represented by three species, one of which—T.. Bower- 
bankti, Haime—is found in the Inferior Oolite of Cheltenham, both by 
Bowerbank and by Walton. 

The genus Oonstellaria was founded by Dana, and is probably synony- 
mous with Stellipora, Hall, and Radiopora, D’Orb. Iam not acquainted 
with the type in our English Oolites. The only example known— 
C. Terquemi, Haime—was discovered in the Infra Oolite (Metz) by 
M. O. Terqueim. The zoariwm is encrusting, with short zvacia, erect, 
prismatic, slightly unequal in width, of two kinds: the one more erect, 
disposed in a double or triple or radiating series; the other very short, 
occupying the interval of the rays. Two recent species of Radiopora, 
D’Orb., are given by Busk, and one—R. cristata—in some respects answers 
to the description of the Oolitic species as given by Haime. Radiopora 
is placed in the Cycnosromata, pp. 34-35, with the Discoporellida. In 
placing the CO. Terquemi in the genus Constellaria, Haime says, ‘I do not 
find any essential difference between the Paleozoic Fossils and those of 
the secondary period, which D’Orbigny calls Radiopora, and they are 
bound, without doubt, to form one and the same genus.’? 

The genus Chilipora is one of the Heteroporida types, and it, too, is 
founded upon a single unique example. There are, however, characters 
about the peristome and also the interjacent openings of C. guernoni, 
Haime, altogether at variance with the known types of British Heteropora. 
The specimen was found at Ranville, in the Great Oolite. 


1835. Neuropora, Bronn. 
Chrysaora, Lamx. Filicaria, D’Orb. 

Species belonging to this genus are present in our British Oolites, in 
the Bradford Clay, and Cornbrash, but I have not been able to secure 
specimens to operate upon so as to study the internal characters. 
Dumortier describes several species from the Middle Lias, Haime de- 
scribes three from the Great Oolite of Ranville and Hampton Cliffs, and 


1 Letter, June 1, 1882. y 2 Jurassic Bryozoa, p. 206. 
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Professor Braun says that it extends from the Lower Lias onward into 
the White Jura and also into the Great Oolite of Ranville. It is also 
found about Metz. Through the kindness of Professor Roemer of Breslau 
I have had supplied to me the species of Ceripora, Goldfuss, which are 
referable to this genus, but the types differ in many particulars from our 
own species. 

One peculiar type is separated from the genus Neuwropora by Haime, 
and is made the Oolitic type of the genus Acanthopora, D’Orb. It is 
the Ohrysaora spinosa of Michelin. A specimen of the genus Semycitis— 
another Ohrysaora type—was found by Walton at Bath. The British 
species of Neuropora and allies are— 

Neuropora spinosa, Lamx. = Chrysaora spinosa. 
5 dumicornis ,, = > dumicornis. 
and Ceriopora angulosa, Quen. 
= Defrancii, Haime. 


1834. Hetaropora, Blainville. 


We have now left one group of Oolitic Fossils which within the last 
few years have been more closely studied than any of the others, because 
of their supposed relationship with the Paleozoic Monticulipora. 

In his ‘ Petrifactions of Germany,’ Goldfuss placed in the genus Cerio- 
pora three species, which he describes and figures! as containing large and 
small openings on the surface of the branches. These were Ceriopora 
anomalopora, O. cryptopora, and C. dichotoma, all of which were from the 
Mastricht beds of Astrupp or Nantes. In 1834 M. de Blainville separated 
these from the Ceriopora of Goldfuss, and established another one for their 
reception which he called Heteropora, assigning as essential structures the 
two sorts of openings, but giving very few details respecting the genus. 
After this Milne-Edwards added to them Millepora dumitosa and corigera, 
Lamouroux. In his ‘Miocene Fossils of North America,’? Mr. Lonsdale 
complained of the inadequate description of Blainville as not having in 
it sufficient details ‘to enable an opinion to be formed of its complete 
characters, or of the nature of the minor openings.’ This error was to 
some extent rectified by Lonsdale, and we owe to him the merit of being 
the first author who clearly indicated upon sufficient grounds the real 
zoological position of the genus. Jules Haime, in his ‘ Jurassic Bryozoa’ 
(pp. 207-8), redescribes the genus, and as his diagnosis has particular 
reference to Oolitic types, I reproduce a portion of his description. 

‘ Zoarium of variable form, but chiefly dendroid. 

‘ Zocecia apparently united by some lamellar prolongation of the walls, 
whence result some intermediary tubes, the terminal aperture of which 
has been closed by a thin calcareous pellicle, but which perhaps were 
themselves intended to become young cells. When externally examined 
two different sets of openings are seen, varying in size, sometimes circular, 
at other times polygonal. . . . There are fundamental differences between 
the peristomes of the true cells and those of the intermediary openings ; 
still, the matter of the young cells is very uncertain, and is not of any 
specific value (?).’ 

In accordance with this decision, Haime admitted only two species— 
Heteropora conifera and H. pustulosa—where Michelin admits seven, and 
D’Orbigny eight. 

1 Petrifactions, pl. x. fig. 1-5, fig. 3, fig. 9, ke. 
2 Quart. Jour. Geo. Soc. vol. i, p. 500 (1845). 
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In his classical ‘ Monograph of the Fossil Polyzoa of the Crag’ (1859), 
Professor Busk very much simplifies the diagnosis of Haime, because, as 
I think, the types of the ‘Crag’ were more suitable for this purpose than 
those of the Cretaceous or Oolitic periods. 

‘Zoarium erect, cylindrical, undivided or branched; surface even, 
furnished with openings of two kinds: the larger representing the orifices 
of the cells, and the smaller the ostioles of the interstitial canals or tubes.’ 
‘ Crag Polyzoa,’ p. 120. 

Since this was written species of recent Heteropora have been dis- 
covered and described by A. W. Waters, F.G.S.,! from the neighbourhood 
of Japan, and by Professor Busk from the neighbourhood of New Zealand,” 
and a critical study of these species has thrown some little light upon 
particular structures in the Oolitic types. I fail, however, to detect, either 
in the descriptions of the recent, or in my own investigations of the 
ancient type, any evidence, or characters, that would be sufficient to 
establish a link between Monticulipora and Heteropora, or, in other words, 
between Tabulate Corals (which have intercellular openings like Hetero- 
pora) and Polyzoa. Yet it is very strange that in the Mesozoic epoch we 
should have well-developed types like Heteropora which we are content 
to call Polyzoa, and yet be unable to associate them with Paleozoic species 
having similar external characters. But it is so, and without seeking to 
do violence to structural evidence we must wait for future light by simply 
working and watching. 

Professor H. Alleyne Nicholson, F.L.S., in his two works on the 
‘Structure and Affinities of the Tabulate Corals of the Paleozoic Period,’ 
1879, p. 256; and in the ‘Structure and Affinities of the Genus Monti- 
culipora,’ 1881, p. 62, has gone into the whole question of the apparent 
affinity of Heteropora and Monticulipora. As the whole of his remarks 
are founded upon structural evidence I willingly refer the student to the 
elaborate details furnished by the author. Generally I agree with Pro- 
fessor Nicholson, but much yet remains to be done in the correlation of 
the Mesozoic and Paleozoic types. 

To Mr. Walford, F.G.S., of Banbury, and Mr. F. G. Longe, F.G.S., 
my thanks are due for help by suggestions and the loan or gift of speci- 
mens. I also thank Mr. Robert Etheridge, F.G.8., and Mr. Newton, 
B.G.S., for allowing me to examine specimens in the School of Mines. 


The preceding list of the ranges of types may help the student of our 
Jurassic Polyzoa, and many of the blanks in the columns may ultimately 
be filled in. 

References to letters in the various columns:—H., Haime; W., Wal- 
ford; M., Morris’ Catalogue. In the last column the figures refer to the 
figures at the tops of the columns. 

I shall be glad to receive from any student of British or Foreign 
Fossil Polyzoa a list of species which are known to be present in their 
own neighbourhood, for the purpose of compiling a complete list of species, 
or as far as possible complete. 


“On the Occurrence of Recent Heteropora, Jour. of Roy. Microscop. Soe. 1879 
(June). 


* «On Recent Species of Heteropora,’ Jour. of Linn. Soc. ‘ Zoology,’ vol. xiv. (1879). 
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Preliminary Report of the Convmittee, consisting of Professor W. 
C. Wituiamson, and Mr. Wn. Casu (Secretary), on the Flora of 
the ‘ Halifax Hard Bed, Lower Coal Measures. 


Tue present Report is on the fossil plant-remains, which are found in a 
singularly perfect state of preservation in a thin bed of impure coal in 
the ‘gannister’ series of Halifax and its neighbourhood, in the county 
of York. 

Our observations relate to an examination of specimens from numerous 
coal-pits situated on an area extending from the vicinity of Bradford on 
the north to Sheffield and district on the south. 

Many of the pits in the district now indicated are no longer worked, 
partly on account of the reduced price of coal of late years and partly 
because the iron pyrites brought up in working the coal (which was 
formerly sold for chemical purposes) has been superseded by the im- 
portation of sulphur at a cheap rate from Italy and other countries. 

These influences have acted adversely upon your Committee, since 
some of the best pits for the special ‘coal balls’ in which the coal plants 
are found have been closed. Still, we have to report the acquisition of a 
goodly number of ‘coal balls’ which await examination. Before their 
contents can be properly studied they will have to be cut into thin slices 
preparatory to microscopical investigation. Already we have prepared 
upwards of one hundred microscopical slides for careful study. 

Halifax appears, so far as our observations go, to be the centre of this 
rich Carboniferous flora. The bed in which the fossils are found is 
two feet three inches thick in the neighbourhood of Halifax, and consists 
of an impure coal, which in many places is thickly studded with nodules, 
or, as they are locally called, ‘ coal balls.’ These are composed chiefly 
of carbonate of lime, some carbonate of magnesia, along with smaller 
quantities of oxide and sulphide of iron, sulphates of soda and potash, 
and a little silica. These nodules contain imbedded rootlets, stems, 
leaves, Lepidostrobi, spores, and occasionally the mycelium of fungi. 

The state of preservation of the fossils is very remarkable ; the tissues 
of the plants are infiltrated with carbonate of lime and the cell-walls 
are carbonised, so that in thin slices prepared for the microscope the 
minutest details are clearly defined. 

The roof of the ‘hard bed’ is a thin stratum of shale filled with the 
flattened valves of a bivalve shell (Aviculopecten) ; above this is a bed of 
shale with numerous calcareous nodules, coated and often impregnated 
with iron pyrites, and containing fossil shells of the genera Aviculo- 
pecten, Goniatites, Nautilus, Orthoceras, and others, a very prevalent 
fossil being Goniatites Listeri. The base of the bed is composed of 
‘cannister,’ and abounds in Stigmarian roots. 

In the northern part of our district around Bradford the ‘ coal balls ’ 
are scarce, and so highly charged with iron pyrites that plant-remains 
suitable for microscopical examination very rarely occur. The same 
remark applies to Huddersfield, and in a somewhat less degree to the 
southern area around Hazlehead and Sheffield. 

The three most prolific localities are situated at Sunny Bank, South- 
owram, at Sugden Pit, Bradshaw, and near Elland, all of which are in 
the immediate neighbourhood of Halifax, but unfortunately the two 
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latter pits are now closed, whilst the number of nodules brought up 
from the Sunny Bank Pit is much restricted. The state of preservation 
of the fossils is, however, most excellent, surpassing in this respect even 
those from the famous Oldham and other Lancashire beds. 

So far as we have been able to study the fossils collected during 
the past year, we succeeded in throwing considerable light upon the 
structure of Asterophyllites (Myriophylloides) Williamson, upon Calamo- 
stachys Binneana, especially in relation to the structure of its central 
axis, upon a hitherto undescribed form of Kaloxylon, upon Lyginodendron 
Oldhamiwm, and several other minor forms of plants, the structure and 
affinities of which are as yet imperfectly understood. Indeed, an enor- 
mous amount of work remains to be done. We have already a very large 
number of objects with the structure of which we are well acquainted 
but the true botanical relations of which are entirely unknown to us. 
In the case of some of these, persevering research has already enabled us 
to ascertain those relations, and we doubt not that a continuance of that 
perseverance will sooner or later enable us to throw a definite light upon 
many of those whose botanical history is yet obscure. 

The following is a list of plant-remains from the Halifax hard 
seam :— 


Lepidodendron Selaginoides. Rachiopteris insignis. 

_ Harcourtil. 4 robusta. 
Sigillaria. di-upsilon. 
Stigmaria ficoides. Kaloxylon Hookeri. 
Favularia. 3 nov. sp. 
Dadoxylon. Trigonocarpon oliveeforme, 
Diploxylon. Lagenostoma ovoides. 
Lyginodendron Oldhamium, 5 physoides. 
Lepidostrobus insignis. Cardiocarpon anomalum. 
Lepidostrobi (several forms). ten Butterworthi. 
Traquaria (auctorum). Zygosporites brevipes. 
Calamites. re longipes. 
Calamostachys Binneana. s oblongus. 
Amyelon radicans. Oidospora anomala. 

» radiatus. Sporocarpon asteroides. 
Astromyelon. 2 tubulatum. 

,, (Myriophylloides) Williamsoni. is ornatum. 
Rachiopteris Lacattii. = elegans. 

x bibractiensis. 9 pachyderma. 

5 aspera. compactum. 

duplex. Peronosporites antiquarius. 

+s tridentata, Cistopus (?) carbonarius. 

5 cylindrica. Stomata (Cordaites (?)). 


We have to express our indebtedness to those indefatigable workers, 
Messrs. Binns and Spencer, of Halifax, for valuable assistance given in 
the investigation of the Halifax fossil flora. 
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Report of the Committee, consisting of Dr. Pyr-Smira, Dr. M. 
Foster, and Dr. BuRDON SANDERSON, appointed for the purpose 
of investigating the Inflwence of Bodily Exercise on the Elimina- 
tion of Nitrogen (the experiments conducted by Mr. NortH). 


In presenting an account of the expenditure of the grant of 50]. made 
to us last year for the purpose of investigating the effect of muscular 
labour on the elimination of nitrogen, we beg to submit the following 
statement of the present position of the inquiry. 

The subject naturally divides itself into two parts—(1) The analysis 
of the ingesta and excreta, and (2) the work. The experiments under 
the former head have been carried out with funds derived from another 
source, and have arrived at a point at which it becomes desirable to 
employ some means by which the relative amount of work done at 
different times can be compared with the utmost practicable exactitude. 

The grant has been expended in providing a machine for this purpose, 
and for certain accessories. 

The machine consists essentially of an arrangement by which a 
weight—the amount of which can be regulated—may be raised through 
a known distance and then allowed to fall to its position of rest. 

Without entering into a detailed account of the apparatus it will 
suffice here to describe the arrangement by which the muscular recoil at 
the end of the stroke is got rid of. 

As will be seen in the accompanying photographs,! the force is exerted, 
not directly upon the weight, but upon a cam keyed on to the same axis 
as the pulley which carries the weight. By means of this cam the work 
at the end of the stroke rapidly diminishes to practically nothing, and in 
consequence there is no muscular recoil. The handle by which the weight 
is raised carries an automatic clutch so arranged that, when the weight 
has been raised to a certain point, it is released. The descent of the 
handle by its own weight causes the clutch to part an eye on the end of 
the rope attached to the cam, and the operation can then be repeated. 
The apparatus has been so constructed that the work can be done in any 
position, from the vertical to the horizontal. The photographs show it 
arranged for the latter. 

The machine is completed and ready for use, and Mr. North hopes 
during the ensuing year to be able to make a number of experiments 
with it upon the effect of varying amounts of work upon tbe elimination 
of nitrogen. 


1 These have not been engraved, as they represent the machine in a state not 
quite perfected. 
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First Report of the Committee, consisting of Professor FLOWER, 
Dr. BEDDOE, Mr. BRABrRooK, Mr. F. Gatton, Mr. J. ParK Harri- 
son (Secretary), Dr. MutrHeap, General Pirt-Rivers, Mr. F. W. 
Rupier, and Mr. CHARLES RoBERTS, appointed for the purpose of 
obtaining Photographs of the Typical Races in the British Isles. 


Owing to the accumulation of observations of height, weight, and 
other physical characteristics of the inhabitants of the British Isles, the 
discussion of which required the undivided attention of the Anthropo- 
metric Committee, the acquisition of photographs undertaken by them in 
1876 was last year transferred to a Committee of the Anthropological 
Department. 

The photographic portraits already collected have been handed over 
to the new Committee, and will assist materially in determining the 
values of crosses in different parts of the country. Some, obtained under 
exceptionally favourable circumstances, and especially seventeen portraits 
of Shetland islanders, well illustrating the Scandinavian element in the 
population, and presented by Dr. Muirhead, may be safely termed 
typical. 

a The scientific bearing of the subject—A clear definition of racial 
features, illustrated by examples, will, the Committee believe, prove of 
considerable importance in connection with more than one social question. 

1. First; as tending to allay national animosities springing from a 
belief in the preponderance of some one race; and, in connection with 
this, affording a safe basis for generalisation, in the place of deductions 
depending on doubtful traditions and insufficient historical data. 

2. A correct description of the main racial types would also afford an 
opportunity of testing in a more complete manner than is now practic- 
able, the truth of views, believed to be extensively held, on the.subject of 
racial tendencies and proclivities. 

3. Indirectly ; by indicating the way in which features, and more 
especially profiles, of human beings should be observed, it would lead to 
a more exact description of criminals and deserters ; resulting, it cannot 
be doubted, in more frequent arrests. At present, so little attention is 
paid to the subject that photographs of prisoners are taken solely in full 
face; and the description of recruits for the military rolls is confined, so 
far as their features are concerned, to the colour of the hair and eyes. 

The popular view regarding the possibility of a survival of racial features 
at the present day.—Before proceeding further, the Committee think it 
will be well to notice an objection, not infrequently made, that European 
populations are now too much mixed to allow of racial types being recog- 
nised. This is not the belief of anthropologists generally. Professor 
Rolleston—whose loss this Committee has especial reason to deplore— 
expressed no uncertain opinion on the subject in his address to the 
Anthropological Department at Bristol. ‘ At once, upon the first inspec- 
tion of a series of crania, or, indeed, of heads, from such a (mixed) race,’ 
he said it was evident that ‘some were referable to one, some to another, 
of one, two, or three typical forms :’ also that intercrossing has left the 
originally distinct forms still in something like their original indepen- 
dence, ‘and in the possession of an overwhelming numerical representa-. 
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tion:’ and Professor His was quoted as having arrived at a similar con- 
clusion from an investigation of the ethnology of Switzerland.! 

Professor Kollmann, too, of Bale, believes that it is quite possible to 
distinguish original or main racial characteristics in a mixed population, 
owing to a capacity in skulls and facial skeletons to preserve their 
pristine types long after the colour of the hair and eyes have changed 
by crossing. A complete fusion of component elements, the distinguished 
Professor is convinced, never absolutely occurs. 

Reversion to original types.—Besides, however, these composite forms, 
eminent anthropologists recognise a law through the operation of which 
reversion takes place, under favourable circumstances, to original types. 
Drs. Beddoe, Barnard Davis, Flower, Rolleston, Thurnam, and Turner, 
in this country, and Morton, Broca, Quatrefages, Retzius, and Virchow, 
abroad, are in accord in believing, from craniological evidence, that the 
characteristics of prehistoric races exist at the present day; Professor 
Quatrefages, than whom the Committee believe there could not be 
a safer authority, even affirming that representatives of the fossil types of 
man are still to be found amongst us.” 

Height, and colour of the hair and eyes, insufficient as evidence of race.— 
Assuming the correctness of Professor Kollmann’s deductions that hair 
and eyes (permanent in a pure race) change by crossing more easily than 
skull-forms; dark tints, except under conditions of intensity, joined with 
diminutive stature and complete dolichocepbalism, such as unmistakably 
point to the race styled Iberian, simply indicate, according to the 
index of nigrescence established by Dr. Beddoe, more or less mixture in 
blood. Where, too, the hair and eyes are light, and the stature tall, in 
the absence of information respecting the features generally, it would be 
impossible to pronounce any individual to be Celt or Saxon, Dane or 
Swede. 

Birth of parents and grandparents in the same locality no proof of race. 
An experiment made for the purpose of ascertaining how far: the birth 
of parents and the grandparents, on both sides, in certain districts would 
assist in the selection of pure local types, resulted in the conclusion that. 
the requirement mentioned, though securing the absence of recent foreign 
admixture, failed as a suflicient test, by affording no evidence that move- 
ments had not occurred in the population at an earlier date. 

Photographic portraits obtained under the above-mentioned conditions 
do not, as a fact, assist materially in the definition of racial character- 
istics ; the features exhibit more than one type even in districts supposed 
to have been peopled by a given race; though, owing to the law already 
alluded to, pure types may be sought for, and would more frequently be 
found amongst such populations than elsewhere. 

This, and other considerations, led a sub-Committee, in 1880, to 
collect in preference, from different localities, a certain number of portraits, 
all of which exhibited similar features; and then an equal uumber dis- 
tinguished by characteristics in all respects different from the first series, 
but equally homogeneous. They presented contrasts which appeared to 
be racial. 

Method of Identification of Types adopted by the Committee.—Approaching 
the subject from the standpoint of comparative physiognomy alluded to 
in the last paragraph, but experimenting in the first instance on the facial 


} Brit. Ass. Rep. 1875, p. 148. 2 Crania Ethnica, p, 28. 
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skeletons of skulls obtained from ancient tumuli and cemeteries in different 
parts of the British Isles, it was found on superimposing tracings of the 
skeleton profiles of the three main types figured in the ‘ Crania Britannica,’ 
that the brows of the Brachycephalic, round-barrow type were more 
prominent, and the nasal bones more angular and sharply projecting, than 
those of the Dolichocephalic, long-barrow type ; whilst brows and nasals 
in the Teutonic skulls (and especially those of the Saxons proper) 
were respectively smooth and little prominent. The main characteristics 
in the profiles of the Round-barrow man and the Teuton would clearly 
have been the high bridge of the nose of the former, and the absence 
of an arched nose in the Saxon. 

Similar results were obtained from measurements of skulls in the 
Anatomical Museum at Cambridge, purchased from Dr. Thurnam by 
Professor Humphry, and presented by him to that University. Also some 
skulls in the Museum of the Royal College of Surgeons, and the Greenwell 
collection at Oxford, have been measured and found to exhibit the same 
contrasts. Mr. Harrison, who obtained the measurements for the infor- 
mation of the Committee, found that the mean difference in projection 
of the nasal bones in skulls from the round-barrows, as measured from 
the basion to fixed points on the dorsum and the nasion, or root of the 
nasal bones, is about twice that observed in purely Teutonic crania. In 
the fine collection of true Saxon skulls from Wiltshire, obtained by General 
Pitt-Rivers, the principal characteristics are a rounded forehead and 
smooth brow, and but little projection in the nasals ; and this in the male 
as well as the female skulls. 

The points of contrast in the skeleton features of the two races were 
noticed by Dr. B. Davis; but owing to Saxons and Angles being at the 
time he wrote considered equally Teutonic, the differences observed in 
some of the examples selected by him to illustrate types, are not so 
strongly marked as in others. Dr. Beddoe and Mr. David Mackintosh, 
it should be mentioned, both consider the Anglian features to have 
been more prominent than the Saxon.—When proceeding to define tribal 
differences and crosses, the nasal forms will, with other features, be sub- 
jected by the Committee to more minute examination.! 

The above facts having been sufficiently ascertained, it was easy to 
compare the skeleton features of the Round-barrow man and the Saxon 
with profiles of living subjects in this and neighbouring countries pre- 
sumably inhabited by similar populations. Whenever the osseous and 
other features were found to correspond, at the same time that they 
differed entirely from other equally well-marked types, it was assumed 
that the characteristics belonged to distinct races. 

In the following definitions the three main types in this country are 
designated by capital letters, intended to be used as symbols when discuss- 
ing racial crosses. 

First, the Dolichocephalic Dark Type, A4.—The definition of the short, 
narrow-headed race shown by Dr. Thurnam and Professor Boyd Dawkins 
to have preceded the so-called Celts, and termed by them Iberian (= the 
Silurian of Professor Rolleston), is at present incomplete. The forehead, 


1 Professor Flower, speaking of the racial value of the nasal bone, when describing 
the cranial characters of the natives of the Fiji Islands, says :—‘ The nose is one of 
the most important of the features as a characteristic of race, and its form is very 
accurately indicated by its bony framework’ (Jour. Anthrop. Inst. vol. x. p. 160) 
Dr. Broca defines six forms. 
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however, appears to have been fairly vertical ; the brows prominent; the 
nasal bones long and straight; the lower jaw weak (Rolleston) ; and the 
hair and eyes dark. Statistics of the colour of the hair and eyes, collected 
by Dr. Beddoe, show that this race exerted a much wider influence on the 
population than is usually supposed. A number of photographs, which, 
it is believed, represent varieties of the type, have been placed on cards. 

Second, the Brachicephalic Fair Type, B.—The principal character- 
istics of this race consist in the prominence of the brow and supra-nasal 
ridges; a slightly receding forehead; sharply projecting nasal bones, 
causing a high-bridged or arched nose, without undulation; a long, oval 
face ; high cheek-bones; and a prominent fine chin. From Mr. Park 
Harrison’s observations the lips of this type appear to be thin, and the 
ear pear-shaped, with no proper lobe, the fossa being continuous. 

The above features are found associated with light hair and eyes, 
and a stature above the average. 

This type includes Belgic, Cymric, and Danish varieties, which further 
observation, the Committee believe, will in course of time enable them to 
differentiate: as also the Anglian, Jutish, and Frisian types. They have 
selected several portraits, which present common characteristics. 

The definition of Type B agrees in all the main points with descrip. 
tions given some years ago by Dr. Beddoe, Mr. David Mackintosh, and 
Mr. Hector Maclean, as well as with Dr. Rolleston’s deductions in the 
appendix to ‘ British Barrows.’ 

Third, the Sub-Dolichocephalic Fair Type, C.—The Committee believe 
that the following is a correct definition of true Saxon features. Brows 
smooth; forehead rounded and vertical; nasal bones short and straight ; 
nose not arched, ending in more or less of a bulb; face elliptical, rounded ; 
cheek-bones broad ; chin rounded; lower part of face wide ; eyes promi- 
nent, in colour blue or bluish-grey ; lips moulded ; ears flat, with formed 
lobes ; face and frame well-covered. Height about the average. 

The definition accords with Schadow’s pure German (Teutonic) type, 
and with the Saxon type of Beddoe and Mackintosh. 

Photographs conforming in all respects to the above characteristics 
have been obtained from Sussex and several other English counties ; and 
from Scotland, Sweden,! Germany, and France. Specimens have been 
arranged upon cards. 

No photographs have as yet been taken specially to illustrate the three 
types, the Committee thinking it best to proceed before doing so with the 
definitions of racial varieties. 

New Designation of the Committee.—If reappointed, they suggest that 
it should be ‘for the purpose of defining the facial characteristics of the 
races and principal crosses in the British Isles, and obtaining illustrative 
photographs with a view to their publication.’ 

Constitution of the Committee——Professor Flower having been unable 
to take an active part in the proceedings of the Committee owing to 
pressure of other work, and having expressed a wish that another chairman 
should be appointed, they hope that General Pitt-Rivers will undertake 
the duties. 

Photographs.—Mr. Barraud, who was asked to act as an associate, 
has presented some cabinet photographs of well-known persons for ex- 
hibition. The Committee have also received from Dr. Beddoe a portrait 

1 The Dolichocephalic Swedish race of Retzius was believed by him to be closely 
allied to the Saxon. 
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in full face and profile, taken at his expense, of a native of Mont- 
gomeryshire. Other photographs have been received in illustration of 
Types B and C. 

The Committee ask for a renewal of the grant of 10/., with an 
addition sufficient to procure the requisite negatives, and also photo- 
graphs from different counties to illustrate crossing. 


Preliminary Report of the Committee, consisting of Mr. R. MELDOLA, 
General Pitt-Rivers, and Mr. W. Coie, appointed to investi- 
gate the Ancient Earthwork in Epping Forest, known as the 
Loughton Camp. 


THe earthwork known as the Loughton Camp (first identified by Mr. 
B. H. Cowper in 1872) is situated on an elevated plateau in Epping 
Forest, about a mile N.W. of the village of Loughton. There is another 
well-preserved earthwork in the Forest, known as Ambresbury Banks, 
lying about 24 miles due north of the present camp, and investigations 
undertaken last year by the Essex Field Club showed that the Ambresbury 
Banks entrenchment was of British or Romano-British construction (see 
‘Brit. Ass. Report,’ 1881, p. 697). In order to carry out the systematic 
investigations of these two camps, which had not been cut into before 
the examination made last year, it was resolved to commence upon the 
Loughton Camp as early as possible this year, and an appeal was made 
to the Hssex Field Club, of which the present Committee are all members, 
in order to raise the necessary funds. Permission having been granted 
by the Epping Forest Committee of the Corporation of London, the work 
was commenced on May 29, and was continued until June 13. The mode 
of working was similar to that employed at Ambresbury Banks,' and 
consisted in cutting sections through the rampart and ditch in order to 
expose the old surface line. With a view to facilitate the carrying on of 
the necessarily tedious work of watching the removal of the earth, a sub- 
Committee of the Essex Field Club was appointed to co-operate with the 
present Committee, and one or more members of the joint-Committee 
were present on every working day to watch the proceedings. Each 
spadeful of earth was sifted on its removal, and carefully examined for 
relics, the position of each object being entered as it was found on a 
working section prepared by Mr. W. D’ Oyley, the honorary Surveyor to- 
the Club. The first section was 12 feet in width, and its cutting involved 
the removal of 150 cubic yards of earth. But few objects were found in 
this cutting. On the old surface, nearly under the centre of the rampart, 
two or three fragments of pottery, several flint ‘ flakes,’ and pieces of char- 
coal were turned up. The pottery is extremely rude, and consists of badly 
burnt rough clay, containing quartz grains, and showing no traces of lathe 
turning. The great amount of denudation which this earthwork has 
experienced, owing to its exposed situation and the light character of the 
soil, has caused the complete silting up of the ditch in most parts, and it 
was found in this first section that the silting was so very similar in ap- 


' Transactions Essex Field Club, ii. p. 55. 
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pearance to the undisturbed earth, that the form of the ditch could not be 
satisfactorily made out. This last circumstance, combined with the paucity 
of the evidence obtained, determined the extension of the investigation, 
and another cutting 7 feet wide was commenced on June 8. In this 
second section no pottery was found, but numbers of flint flakes, and a 
partially-finished flint celt, all on the old surface line, and buried well 
beneath the rampart. Further evidence of human occupation in the way 
of charcoal and burnt clay, marking the sites of fire-places, were also 
found on the original surface. 

The evidence thus far obtained does not appear to the Committee 
sufficiently complete to enable it to form any conclusive opinion as to the 
age of the earthworks, although the relics thus far found, conjoined with 
the absence of all Roman remains, point to a very early, and most probably 
pre-Roman, period. It is therefore proposed to continue the investiga- 
tions, and we have to request that the present Committee be reappointed, 
with the addition of the name of Mr. Worthington G. Smith. Full details 
of the various objects found, with a description of the physical features 
of the camp and its environment, together with a complete survey, will 
be presented with the final Report. 

In conclusion; the Committee has to express its thanks to those mem- 
bers of the Essex Field Club who have subscribed to the fund which has 
enabled the investigation to be carried out, and especially to Mr. W. 
D’Oyley of Loughton, who prepared the plans and sections for the use of 
the explorers. 


Second Report of the Committee, consisting of Mr. Scuater, Mr. 
Howard Saunpers, and Mr. TuiseLton-DyEr (Secretary), ap- 
pointed for the purpose of investigating the Natural History of 
Timor-laut. 


By an oversight your Committee omitted to draw the sum of 501. 
granted to them at the Swansea meeting of the Association. This grant 
therefore lapsed, and your Committee have had nothing more at their 
disposal than the 1007. voted by the General Committee at York. 

A communication was received from Mr. Forbes’s representative in 
London subsequent to the last meeting of the Association, in which the 
following statement occurs :— 

‘Mr. Forbes has been informed that the sending of collections to the 
Association is a condition annexed to all such grants as that voted for 
the Timor-laut expedition ; and as he could not fulfil such a condition he 
feels compelled to postpone his expedition.’ 

This communication was considered by your Committee at a meeting 
held November 17. It was felt that the contribution made by the 
Association would go but a small way to cover Mr. Forbes’s expenses, 
and that therefore any claim to the whole of the scientific results was not 
in any way reasonable. A communication was therefore made to Mr. 
Forbes to the effect that the Committee would pay the 100/. in their 
_ hands to Mr. Forbes ‘upon condition of his undertaking to proceed to 
Timor-laut and make collections. Of these collections, both zoological 
and botanical, the first complete set is to be placed at the disposal of the 

T2 
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Committee. Of all other specimens Mr. Forbes is to retain uncontrolled 
power of disposition.’ 

This arrangement was accepted by Mr. Forbes by telegram on Feb- 
ruary 21 of the present year; and, as had been arranged with his repre- 
sentative, the time being pressing, a credit for 1001. was telegraphed out 
to him at a cost of 21. 14s. 8d. 

Subsequently the following letter, dated April 1882, was received 
' from Mr. Forbes :-— 


‘ Batavia. 


‘My dear Sir,—I have deferred writing to you till all my arrange- 
ments for the Timor-laut expedition had been completed, and I trust you 
will pardon my seeming want of courtesy in not writing directly to your- 
self before this. 

‘On arrival here at the beginning of the year from Sumatra, I at 
once made application to the Government for the continuance of the 
grant of the war vessel made to me by the late Governor-General, without 
which it would have been almost impossible for me to have accepted the 
Association’s grant. Last year I was under the impression that vessels 
belonging to certain Arabs went there every year. This I now find to be 
erroneous. They do not go to Timor-lant itself, nor to any of the near 
islands, nor is there any means of communication save from Amboina 
in the boats used by the tortoise-shell gatherers, which could not well 
take me and my baggage, nor bring back my botarical coliections. 1! 
had to wait a very long time for the reply of the Governor-General—in 
fact, until March 12 or 13, when I telegraphed to London. My arrange- 
ments are now to leave here by the first steamer—in fact, the first since 
my reply from the Government here—for Amboina, where the Tagal is 
now lying. I asked that the vessel should remain with me, but the 
‘Admiral here cannot grant that, the full disposition of the steamer being 
in the power of the Resident (Mr. Riedel), who, I have some hope, will 
accompany me to the island. From the Gardens here I am taking 
Wardian cases; and while the vessel stays, if it be for a short time 
only, I shall fill them, and have them sent to Buitenzorg to be estab- 
lished before sending them home to Kew. Part of the duplicates must 
remain here, both for the purpose of replacing such as die on the way to 
London, and partly as the return to the Government for the use of the 
Tagal. If the natives are too hostile, I may not be able to remain 
entirely unprotected, but I believe they are very much more friendly 
than is supposed, in which Dr. Machlucho Macleay, whom I had the 
pleasure of meeting here recently on his way to Europe, confirms me. If 
so, and if the Tagal cannot remain with me, I shall risk residence on the 
island by myself and my company, and take what chance may present 
itself of getting off. 

‘The mere transport is excessively expensive—from Batavia to 
Amboina alone it is 40/. Had it been necessary for me to find my own 
way down to Timor-lant, 1007. would not have paid the expenses even of 
landing me there. 

‘T have to thank you for telegraphing to the Bank here the credit of 
1001., of which I was at once informed. When I have seen Mr. Riedel 
at Amboina, I shall write you fully of the prospects of success. 

‘ Believe me, yours very sincerely, 
(Signed) ‘Henry O. Forses.’ 
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From the following further communication from Mr. Forbes, which is 
just to hand, it will be seen that he has reached Amboina; where he is, 
however, delayed by unforeseen difficulties :-— 


‘Amboina: May 8, 1882. 

‘Dear Mr. Dyer,—I must write you, though it can be only a line, 
as the steamer from which we have just disembarked carries back the 
mail for Europe, vid Java. 

‘T have just seen the Resident (Mr. Riedel), who has returned only 
four days ago from Larat and Cera, where he has been placing Post- 
honders (nominal officials only, I imagine), and to my great regret he 
finds he cannot again return, the season being too far advanced for the 
weak state of the engines on board the Tagal. There is, however, here a 
very swift schooner, which I hope to be able to engage on moderate 
terms to take me down. 

‘The reports of the islands are so good that I am exceedingly eager 
to be away. The natives are not at all hostile, but require only careful 
and, above all, trustful treatment. From what Mr. Riedel has told me, 
their customs are very interesting indeed. The interior of the country 
does not seem to be inhabited, and there are villages only along the 
coast. The Resident has not been yet on the mainland of either of the 
great islands of Timor-laut, but the chiefs of the southern part have 
asked him to visit them. I wish, therefore, to get to Cera, and from that 
cross over to Selarve, the southern island. I shall, without fail, make my 
way somehow to these islands by the very first (‘Makassar prahu ’) 
opportunity, if the schooner here demands a too great price. I am very 
hopeful that a bargain will be come to, however. 

‘I am hopeful that the British Association will see their way to 
continue to your Committee the grant of last year—perhaps somewhat 
increased. 

‘With regard, 
‘ Believe me, yours very sincerely, 
(Signed) ‘Henry O. Forses.’ 


Your Committee have every reason to hope that Mr. Forbes, being 
now fairly launched on his enterprise, will succeed eventually in reaching 
Timor-laut. They therefore ask for their reappointment, and that a 
further sum of 1001. may be placed at their disposal in aid of Mr. Forbes’s 
exploration. This sum would include a re-grant of the vote of 50/. made 
at Swansea, which has lapsed. 

- Looking at the extreme interest which may be anticipated from 
the results of Mr. Forbes’s explorations in Timor-laut if carried to a 
successful issue, your Committee cannot doubt that the aid they ask 
from the Association will be more than amply justified. 
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Report of the Committee, consisting of Mr. F. Gatton, Dr. BEDDOE, 
Mr. Brasrook (Secretary), Major-General Prirr-Rivers, Mr. J. 
Park Harrison, Mr. J. Heywoop, Mr. Frank P. FELLows, 
Professor LEONE Levi, Dr. F. H. MAHOMED, Sir Rawson Rawson, 
and Mr. C. Roserts, appointed for the purpose of carrying out 
the recommendations of the Anthropometric Committee of 1880, 


especially as regards the anthropometry of children and of 


females, and the more complete discussion of the collected facts. 


I. Anthropometry of Children. 


The Committee has obtained the following returns of the age, height, 
weight, and colours of eyes and hair of children of both sexes, in addition 
to those collected by the Anthropometric Committee in previous years :— 


Source Name of Observer 
Males | Females | Total 
Queen Charlotte’s Hospital | Dr. Baddeley and Dr. 485 522 1,007 
Leslie. 
Royal Maternity Charity, | Dr, Kirkpatrick 22 20 42 
Edinburgh. 
Christ’s Hospital, Hertford | Mr. J. F. B. Sharpe = 186 186 
Soldiers’ Daughters’ Home, | Return received through = 39 39 
Hampstead. ~ Gen. Boileau, 
Merchant Seamen’s Or- | Mr. Hackwood 42 19 61 
phanage, Snaresbrook. 
Royston, Hertford Mr. Austin (through Dr. 20 30 50 
W. Ogle). 
Magherafelt Manor, Ire- | Through Mr. Cartwright 13 10 23 
land. 
Marlborough . ‘ . | Serjt. Purdey (through 164 205 369 
Rey. T. A. Preston). 
Red Maids’ School, Bristol | Dr. Beddoe, F.R.S. — 60 60 
i School, Westbourne | Mrs. Mant 63 77 140 
ark. 
Board School, Hampstead | Mr. Adams : . 284 116 400 
” ” ” Mrs. Walker . ° ‘ 190 132 322 
5 >» Kensal Mrs. Wallman F 80 60 140 
Town. 
» » Lisson Mrs. Lintern 198 194 392 
Grove. 

” ” Miss Church —_ 290 290 
Various Schools Through Rev. W. Stainer 20 25 45 
Infant Nursery Miss Arber . : 8 6 14 
Allhallows’ Mission Infant | Sister Isabel Mary. 9 17 26 

Nursery. 
Amesbury Workhouse Mr. Wilson . — 30 30 
Various sources, Mr. C. Roberts, F.R.C. s.| 2,713 | 1,070 | 3,786 
4,311 3,110 7,421 


Number of Observations 
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IL. Anthropometry of Females. 


The Committee has obtained the following returns of the age, height, 
weight, and colours of hair and eyes of females above ten years of age, 
in addition to about 2,400 observations already in possession of the 
Committee :— 


2 Number of 
Source Name of Observer 


Observations 
Girton College, Cambridge. . | Miss Bernard ° . : 33 
Newnham Hall, Cambridge . . } Miss Clough . A / . 66 
Milton Mount College. F . | Miss Cooper . " A 18 
North London College ¢ . | Mrs. Bovell Sturge, M. D. ° 26 
Ladies’ School, Endsleigh Gardens . | Miss Smith Gane past Levi) 22 
St. Andrews, Scotland | Mrs.Wood , A ; 20 
Clergy ‘Daughters’ School, Warring- | Miss Graves . A - . 55 
ton. ‘ 
High School, Norwich . . | Miss Wills. ; 2 F 126 
Duncan House School, Bristol . Dr. Beddoe, F.R.8. ? : 39 
Whiteland’s Training College 3 . | Rev. J. P. Faunthorpe . 3 129 
Stockwell Training College . > .| Miss Steele . : ; 122 
Soldiers’ Daughters’ Home . General Boileau . : 140 
Teachers at Board School, Hampstead Mr. Adams . ‘ 4 9 
Lisson Grove | Mrs. Lintern . 3 > : 10 
General Post Office 2 Mr. Steet, F.R.C.S. : . 172 
Mr. W. Whiteley’s Shop Assistants . Mr. C. Roberts, F.R.C.S. : 101 
Natives of Flamborough . A . | General Pitt-Rivers, F.R.S. . 17 
53 Harpenden, Herts . . | Mr. J. H. Gilbert, F.R.S. . 199 
Royal United Hospital, Bath . . | Mr. H. Terry, F.R.C.S. . y 21 
Neath, Glamorgan . ; 3 . | Mr. J. Mills . 3 32 
Royston, Herts 7 ‘ ; . | Mr. Austin (through Dr. W. 50 
Ogle). 
Kensington Workhouse . : . | Mx. Pratt : i 18 
Various sources P 4 . | Mr. C. Roberts, F. R. C. Ss. a 1186 
2611 


II. More complete Discussion of the Collected Data referring to Adults. 


The following additional returns relating to age, height, weight, and 
colours of hair and eyes of adult males have also been collected during the 
year, for the purpose specially of supplying deficiencies in those obtained 
in previous years, when distributed according to counties :— 


Source Name of Observer Pr erinde 
Natives of different counties of Eng- | Dr. Beddoe, F,R.S. r : 641 
land, Scotland, and Wales. 
7 Dorset ‘ : Gen. Pitt-Rivers, F.R.5. ; 48 
=F Wilts : A , : ‘. 52 
3 Flamborough . - A : 73 
“ Hertford . ' . | Mr. J. H. Gilbert, F.R.S. : 540 
Volunteers, Warwick : : . | Dr. Hammond ’ x 100 
Workhouse, Amesbury . ‘ . | Mr. Wilson . “ ‘ Hoa (Mane 63 


Natives of Neath . ‘ 5 . | Mr. J. Mills . ‘ F 18 
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From the returns of height of adult males, as thus completed (num- 
bering about 30,000), a map has been constructed by Mr. C. Roberts to 
show the average stature of the adult male population (age from 23 to 50) 
of the British Isles; and an enlarged copy of this map, prepared at the 
suggestion and expense of Mr. Heywood, will be published in the next 
Report of the Committee. The higher statures are indicated in this 
map by dark shades. Dr. Beddoe and Mr. Roberts call attention to the 
following points of interest in this map, but they will be treated in greater 
detail in a future report. 

Hthnology.—The greatest stature is found in Scotland and the North 
of England, where the population is descended from the ancient Pictish 
or Cimbro-British (Galloway), the Caledonii (Perthshire), the Anglo- 
Danes and Norse (North and East Yorkshire, Cumberland, Westmoreland, 
Lincoln and Nortolk), and the more purely Anglian tribes (Lothians, 
Berwick and Northumberland). On the other hand, the shortest stature 
is found in Wales, the Welsh border counties, and the South-West of 
England, where the Iberian race is predominant. The counties inhabited 
by men of more purely Saxon descent show a medium stature. 

Geology.—Allowing for the ethnological differences just mentioned, 
the inhabitants of elevated districts possess-a greater stature than those 
of alluvial plains. The river-valleys of the Severn, the Thames, the Dee 
and Mersey, the Trent, and the fen district of Cambridge and Huntingdon 
show a lower stature than the surrounding counties inhabited by persons 
of a similar racial origin. 

Climate.—The stature of the inhabitants is greater in the northern 
and colder than in the southern and warmer districts of the islands. 

Sanitary Surroundings.—The counties which fringe the sea-coast pos- 
sess a higher stature than those adjoining them but lying further inland. 
The lower stature of the river valleys would seem to imply that such 
situations are not favourable to physical development. The low position 
of the West Riding of Yorkshire is due to the larger town population 
included in the returns, and that of Durham to the larger mining popula- 
tion. The very low position of the home counties—Hertford, Surrey, and 
Middlesex—is probably due to their proximity to London. The more 
vigorous men are attracted by higher wages, and the more feeble over- 
flow into those districts. 

Ireland is very imperfectly represented by the Committee’s returns. 

The Committee has prepared a series of tables from the returns in its 
possession, but as these are not yet complete, and there are still some 
important matters to be considered, the Committee requests that it may 
be reappointed, with the view of completing this part of the Report next 
year, and digesting and presenting the fresh materials in connection with 
those already laid before the Association. 

It is a duty which the Committee has pleasure in fulfilling to return 
its best thanks to the observers, named in the foregoing lists, for the valu- 
able information which they have furnished; and also to express the 
satisfaction of its members with the industry and intelligence of the 
Assistant-Secretary, Mr. J. Henry Young, and to thank him for his 
attention and useful services. 
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Report of the Committee, consisting of Lieut.-Col. GoDWIN-AUSTEN, 
Dr. G. Hartiaus, Sir J. Hooker, Dr. GinTHER, Mr. SEEBOHM, 
and Mr. Scuater (Secretary), appointed for the purpose of 
investigating the Natural History of Socotra and the adjacent 
Highlands of Arabia and Somali Land. 


Tue balance in hand from 1870-1 (61. 7s. 10d.), added to the 1001. granted 
at the York meeting, together with the amount received up to the present 
time by the sale of the duplicate specimens of birds and iand shells, viz., 
171. 12s. 4d., reduced by 7s. for postage, leaves a total balance in hand 
of 1231. 13s. 2d. for any future work in Socotra or on the adjacent main- 
land. 

Since the last report was presented, Professor I. Bayley Balfour has 
been working, whenever his other duties have permitted, at the extensive 
botanical collection formed by him, to which has been added the plants 
collected by Schweinfurth, who has since visited the island, and who has 
placed tne same most liberally at Professor Balfour’s disposal. Some of the 
preliminary diagnoses have been published, which show that the different 
groups are very rich, and that there is a very considerable amount of 
work in the collection, which can only be brought out slowly. Professor 
Balfour, writing on June 17, says :—‘ I have a lot more diagnoses in press 
just now, and hope in August or September to complete my work on the 
Botany. This émeute in Egypt will, however, interfere, as Schweinfurth 
will be unable to continue his communications, and I am waiting for a 
lot of notes by him on many species. [ only hope his collections will not 
be destroyed, and as he has some of my specimens at present I am 
somewhat anxious regarding their fate.’ . . 

The rock-specimens ¢ollected by Professor Balfour have been worked 
out by Professor Bonney, whose report on the subject was read before the 
Royal Society at their last meeting of the session for 1881-2. He states 
that the great limestone plateau, which forms so large a part of the 
upland district of the island, is found, by the foraminifera present in the 
rock, to be of Miocene age. This is seen to rest in many places upon a 
floor of very ancient gneissic rock, bearing a general resemblance to the 
most ancient rocks of North-Western Britain and other countries. The 
Haggier mountains, forming the highest ground in the island, consist, 
so far as is shown by the specimens brought, of granites poor in mica and 
rich in felspar, bearing often a considerable resemblance to those of Sinai. 
These are traversed by dykes of felsite and other igneous rocks. ‘To the 
south-east of this range is a tract occupied by red felsites and rhyolites, 
with some agglomerates or conglomerates. The structure of some of the 
former rocxs renders it in the highest degree probable that they are ancient 
lava-flows. They are anterior in date to the Miocene limestones. These 
also are occasionally cut by basalts and perhaps by trachytic rocks. In the 
northern part of the island, beneath the limestone, is an argillite of un- 
certain age, and there is probably some representative of the ‘ Nubian 
sandstone.’ It is, however, almost certain that for a long period anterior 
to the Middle Tertiary, Socotra formed part of a land surface, and it is 
quite possible that the summits of the Haggier mountains may not have 
been even then submerged. If so, the flora, and perhaps the fauna, is 
likely to have an exceptional interest. 
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As to a renewal of explorations, the Committee fear that Eastern 
affairs make the outlook very unsatisfactory, since it would appear that 
all through the Hast, in the vicinity of Aden especially, there is a very 
hostile spirit rampant against Europeans. It is hoped that there may 
soon be some definite settling of the excitement, but at present the Com- 
mittee do not think that any plans for a future expedition can be made. 

The results of the Socotran exploration have been so successful and so 
great, considering the small expenditure of money and time it has entailed, 
that the Committee trust they may see the same kind of work extended. 
They trust that the opportunity will not be lost of sending properly 
trained naturalists into the mountainous regions of Eastern Africa, which 
the despatch of an expedition by the Geographical Society now presents. 
The scientific knowledge that would be accumulated by such explorers in 
that lofty region would be of great interest in connection with the relations 
of the fauna and flora of Socotra, and not of secondary importance to 
purely geographical information. 

For the reasons given above the Committee do not ask for any 
further grant at present. 


Report of the Committee, consisting of Dr. M. Foster, Dr. PyE- 
SmiTH, Professor Huxtey, Dr. CarRPENTER, Dr. GWYN JEFFREYS, 
the late Professor F. M. Batrour, the late Sir C. WyYvILLE 
THomsoNn, Professor Ray LANKESTER, Professor ALLMAN, and Mr. 
PERCY SLADEN (Secretary), appointed for the purpose of aiding 
in the maintenance of the Scottish Zoological Station. 


THE Committee beg leave to report that, with the aid of the sum of 4.0. 
voted last year, further investigations have been made by Mr. Romanes, 
F.R.S., and Professor Cossar Ewart on the ‘Locomotor System of the 
Echinodermata.’ The work of the station was carried on at Oban, where, 
in addition to the ordinary forms abundant on the west coast, Antedon was 
plentifully obtained for examination. 

The investigators directed their attention— 

1. To completing their observations on (a) the internal nervous 
system of Hcelinus; (b) the external nervous system of Asterias; and 
(c) the nature of the nervous system of Antedon. 

2. To the effects of rotation on inverted echini. 

3. To the effects of poisons on echini and other invertebrates. 

4. To the natural movements of Antedon, and to the influence on these 
movements of partial destruction of the nervous system. 

The publication of the results obtained at Oban is reserved until the 
further researches now in progress are completed this year. 

It may be added that a fine specimen of the rare compound Ascidian, 
Diagona violacea, was dredged in the Sound of Mull. 

During the present autumn Mr. Romanes and Professors Ewart and 
Schafer are at work on the Ross-shire coast. The Committee again beg 
respectfully to request that a sum of 50/. be voted to assist in meeting 
the expenses of the station. 
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Report of the Committee, consisting of Mr. Joun CorprEaux, Mr. 
J. A. HarviE-Brown, Professor NEwTon, Mr. R. M. Barrinaron, 
Mr. A. G. Morr, Mr. T. Harpy, and Mr. P. M. C. KERMoDE, 
appointed for the purpose of obtaining (with the consent 
of the Master and Brethren of the Trinity House, and of the 
Commissioners of Northern Lights) observations on the Migration 
of Birds at Lighthouses and Lightships, and of reporting on 
the same. 


Tue General Report,! which comprises observations taken at all the chief 
stations on the east and west coasts of England and Scotland, the coasts 
-of Ireland, Isle of Man, Channel Islands, Orkney and Shetland Isles, the 
Faroes, Iceland, and Heligoland, has been unavoidably delayed in printing. 
It will probably form a pamphlet of not less than 130 pages, 

With respect to the east and west coasts of England and Scotland 
your Committee has again to report favourably of the observations 
made along our shore-lines, and at the various lighthouse and light- 
vessel stations, upon the migration of birds. In the northern parts of 
these coasts the prevailing winds were westerly to north-westerly, but 
from the entrance of the Firth of Forth southward easterly winds pre- 
vailed. The south-east wind which brought over vast numbers of birds 
as recorded at Isle of May and along the English coast, was also felt 
locally at Pentland Skerries—a much more northern station, and there 
also numbers of birds were observed. The wave of migration this 
season has been wide-spread upon the greater portions of our east coast- 
line, but north of the Firth of Forth has been much more limited, more 
compressed and normal. The general direction has been as before, from 
E. to W., or S.E. to N.W. The greatest numerical returns on the east 
coast of Scotland were from Isle of May, and the next greatest from Bell 
Rock. North of the latter birds are reported much scarcer; whilst 
south of the former there has been a broad stream covering the whole of 
our east English coast in comparatively equal proportions, and without 
great throbs or ‘rushes.’ 

In spring the lines of migration are the same, the birds, however, 
travelling from N.W. and W. to BE. and S.E.2_ The points at which birds 
during the spring migration have hitherto been observed to leave the 
land, are situated in Forfarshire, on its south-east or east coast, and 
between that point and the Bell Rock, in Scotland, and at Spurn Point 
on the English coast. 

Further north as yet, we have no great mass of statistics to indicate 
any other points of departure of spring migrants.* 

1 Report on the Migration of Birds in the Spring and Autumn of 1881. West, 
Newman & Co., 54 Hatton Garden, London, E.C. 

® The line of migration followed by the Grey Plover, Knot, and Bar-tailed God- 
wit in the spring is suggestive of an ancient coast-line which towards the end, or 
perhaps subsequent to the last glacial epoch, swept east or north-eastward from 
Holderness to Southern Scandinavia and the mouth of the Baltic. Itisa striking 
fact, as mentioned by Mr. T, R. Mortimer in a paper read before the British Asso- 
ciation at York, 1881, that chalk boulders south of Hornsea contain black flints, which 
are never found in the Yorkshire chalk, and which must have come from Norway ; 
the flints north of Hornsea are more of the Yorkshire type, and were probably derived 
from Flamborough Head. 

’ The Aberdeenshire coast has sent in no returns, and we cannot help thinking 
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Regarding the spring migration the Bell Rock and the Isle of May 
have hitherto returned the fullest schedules, and very considerable 
numerical returns are already communicated for the 1882 report. Sand- 
wich Terns pass every spring along the coast of Forfarshire, but shoot 
off from the land again, and do not breed upon many of the suitable 
places they pass over. Occasionally a pair of birds remain and breed, as 
is shown by the nesting of this species on Inch Mickary in the Firth of 
forth in the past season, and on a previous occasion at the same place. 
In the spring birds return on the same lines they travelled in autumn, 
trom N.W. and W. to EK. and 8.E. Migration has been earlier than in 
1880, in many cases birds arriving in advance of recent years, this having 
been notably the case with some of the Limicole, such as have the 
widest range, and whose breeding haunts are circumpolar, that is, confined 
to lands surrounding the North Pole. Also in the case of the Anatide, 
which arrived fully a month before their average period. Spurn Point is 
a great point of departure on the English coast, and we have seen that 
Grey Plover, Knot, and Bar-tailed Godwits shoot off the land there, 
because while they are annually seen there and southward of it in large 
numbers and in full breeding dress, nowhere to the north of it do they 
appear except in isolated cases. Still, the routes of spring migrants, 
whilst they are usually more direct than those of autumn migrants, are 
perhaps more difficult to trace, and our data are far from perfect yet. 
This is in no small measure caused by the well-known fact amongst 
ornithologists that it is always more difficult to fix dates of departures 
than to fix those of arrivals. 

It may be said the general features of migration with reference to 
lines of flight, time, height of travelling, favourable winds or otherwise, 
circumstances of greatest casualties at lanterns of lightships and light- 
houses, are the same as set forth in previous reports; yet in 1881 we find 
several important variations from the normal phenomena consequent on 
the direction of the wind and general character of the season. From the 
commencement of August to the end of October the prevailing winds on 
the English coast have been northerly and easterly, and as far north as 
Isle of May and Bell Rock, whilst north of this latter point they have 
been more westerly, except at Pentland Skerries. The winter of 1881-82 
has been remarkable for its high temperatures, no such uniformly mild 
season having occurred for many years in this country, and the same has 
been the case over the whole of Northern Europe north of latitude 50° 
north. As might be expected, such an exceptional season has not been 
without its effects upon our migrants. Fieldfares have crossed in very 
limited numbers, and have everywhere been remarkably scarce in loca- 
jities along our east coast-lines, and on the west coast absent. Large 
numbers of birds which regularly arrive in the autumn, as the Greenfinch, 
Chaffinch, Tree-sparrow, Snow Bunting, and others, and which remain for 
afew days only and then pass on, have this year continued for many 
weeks, and even months, resorting in immense flocks to the stubbles, 
where they found abundant supplies of food. Snow Buntings have been 
considerably in excess of anything known for many years, the proportion 
of old birds being not more than one in a hundred. 

Not the least remarkable was the influx of the larger Raptorial Birds 
that there must be points of both arrival and departure in the north-east of this 


county, as many rare species have occurred there, judging from previous records by 
Hdwards and others. 
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in a very broad fan all along our east coast, and extending from Forfar- 
shire to the south of England, having previously crossed Heligoland on 
September 22nd, and the two following days. From this date, Ospreys, 
Rough-legged Buzzards, and others of the Raptors swarmed at many 
localities up to the end of October. 

Hooded crows came with their usual regularity, almost to a day, the 
great flight crossing Heligoland on the afternoon of October 17th, and also 
on the 18th; there was a corresponding arrival along the entire length 
of the east coast of England on the night of the 17th, or early morning 
of the 18th, also on the 19th. 

The season of 1881-82 will long be remembered by east coast orni- 
thologists for the number of rare visitants which have appeared from 
time to time, driven to westward of their ordinary lines by the prevailing 
winds from N. and N.E. to 8. and §.E. generally strong, and increasing 
to a severe gale. The fact of ten Ospreys having been seen or procured, 
has already been noticed ; there were two occurrences of Tengmalms Owl, 
the Rustic Bunting at Spurn, Lapp Bunting at Tetney on the Lincolnshire 
coast, White-spotted Bluethroats at Isle of May, and at Cley in Norfolk, 
Glossy Ibis, five occurrences, Sabine’s Gull, two on Norfolk coast, Kentish 
Plover, Lincolnshire, Blue-winged Teal, Teesmouth, and many others. 

Again, the occurrence on the east coast of such species as the Fork- 
tailed Petrel, is explained by the local prevalence of westerly and northerly 
winds in Scotland, carrying them overland from the west coast, and then 
probably getting into the tracks of the easterly and northerly winds 
which prevailed more to the southward. Records of the Fork-tailed 
Petrel occur at Isle of May and several localities in England, as on the 
Norfolk coast. 

On the west coast the fullest numerical returns are from stations for 
the most part south of the Firth of Clyde. A rush of migrants in Sep- 
tember, noticeable especially on the Isle of May, was observable also at 
stations on the west coast south of the Firth of Clyde, and would thus 
appear to be a general movement. 

The occurrence of the white-spotted form of the Blue-throated 
Warbler,' after a succession of tremendous gales, culminating in the 
dreadful hurricane of October 14th, seems to show clearly that the acts of 
voluntary migration do not take place ju following winds. This Blue- 
throat was caught up and borne away nolens volens, and our Mid-Atlantic 
Notes in 1880 show similar abnormal results from the prevalence of 
easterly gales. 

The form of the migratory movement is affected by the prevailing 
winds even more than the severity or otherwise of the weather. 

The subject of heights of lanterns and their colours has not developed 
as yet any fresh facts, but with the conviction that they will yet do so 
the table of heights is retained. Actual experiment might set this part of 
the subject at rest (vide General Remarks E.C. Scotland, Report 1880, 
pp. 19, 20). ( 

A light-vessel or two placed in an equally favourable position with— 
let us say—the Isle of May or the Bell Rock on the east coast, or at some 
point north of Tweed, would, I believe, soon show us whether the pre- 
ponderance of records south of Tweed is entirely due to old-established 
lines of migration, or to the number of light-vessels on the English coast, 


1 I am still convinced of the accuracy of my identification of this bird,— 
J. A. H. B. 
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or partly to both. It would, we think, assist in proving or disproving 
theories of land-communication which have been advanced and disputed 
by previous writers. At present we cannot positively state from our 
present data whether an actual or only an apparent preponderance of birds 
pass south of the Tweed in autumn. It appears, however, a little curious 
to find a highway of migration by the Pentland Firth so much further 
north than the stations mentioned. Writing from North Ronaldshay, 
Orkney, Mr. Tulloch remarks upon the usual scarcity there, and says 
‘they keep more direct for the mainland ;’ and he remarks also upon the 
abundance of birds seen in September and November at Pentland Skerries, 
where he was light..keeper for four years. He remarks especially on the 
number of ‘ Mountain’ Thrushes, Blackbirds, Owls, Woodcocks, Wrens, 
Robins, and Titmice which occur there when the wind is from the east, 
from which station there is a large numerical return this year. The isolated 
position of the lights at Pentland Skerries, Caithness, combined with the 
local prevalence of easterly winds, is perhaps sufficient to account for the 
large mass of the records. At all events, the returns from this station 
deserve special attention and study. 

With a dry hot summer in Northern Europe, migration is always 
earlier than in years of rain and low temperature, birds breeding sooner 
in the former, and the nestlings, like all other young things, with dry 
weather and sunshine developing more rapidly. Nothing is more re- 
markable in the phenomena of migration than the punctuality with which 
certain species return in the autumn, one species regularly taking prece- 
dence of another, also in respect to the date of the arrival year after year. 
In the Limicole and Anatide the date of the autumn migration varies 
often considerably from year to year; but with some species—as the 
Wheatear, Redstart, Fieldfare, Redwing, Hooded-Crow, Goldcrest, Wood- 
cock, and others—we may almost predict to a day the time of their first 
appearance. 

The Period of the migration flight in the autumn of any particular 
genus or species is most probably referable to two causes: the first—one 
of temperature—affecting the time of nesting; the second is the period at 
which the young arrive at maturity, or rather that period when they 
throw off parental control or are thrown off themselves. 

When able to act independently and procure food on their own account, 
they flock together and migrate in a body. We know that, with rare 
exceptions, the young of the year migrate some weeks in advance of the 
parent birds. Thus we can readily conceive the whole of the large raptorial 
birds nesting about the same time over widely extending districts in 
Northern Europe; when all the many young arrive at this self-dependent 
stage there would be a simultaneous movement ending in a universal 
migratory rush. This period of self-dependence is arrived at much more 
quickly in some birds than in others, for species like the Knot, Grey Plover, 
Godwit, and Sanderling, nesting in very high latitudes, leave our shores 
the last in the spring of any of the migrants, and their young are amongst 
the first to return in autumn. ‘The order of migration, more especially in 
connection with the shore birds, is the occurrence very early in autumn 
—July or August—of a few old birds in summer plumage, either barren, 
or such, perhaps, as have been prevented nesting, then the young in large 
flocks, and, some weeks subsequently, old birds. 

The observations taken at the various stations, both on light-vessels 
and from lighthouses, show a marked improvement on those of previous 
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years, and it will be found that the results of the investigation, as set forth 
in detail in the General Report, are of sufficient value and scientific interest 
to repay the Committee for the great outlay of time in arranging and tabu- 
lating the various returns, as well as the very considerable expenditure 
incurred over and above the grant of 151. placed at their disposal by the 
Association. 

With respect to the Irish coast, from the light-stations around which 
returns have been this year received for the first time, printed schedules 
were forwarded to 40 light-stations. Thirty stations replied by returning 
the schedules wholly or partially filled with daily entries, or by sending 
letters remarking on the absence of migratory birds, or on their general 
movements. 

The inquiry has the full concurrence and assistance of the Commis- 
sioners of Irish Lights. 

The returns have been as satisfactory as was anticipated for a first 
attempt. Some of the schedules were carefully filled ; and although others 
contain very few entries, this is to be accounted for rather by the absence 
of migratory birds than by any unwillingness on the part of the light- 
keepers to assist us. : 

The observers being untrained, names have been given to birds in a 
few instances from which it is not easy to identify the species, and occa- 
sionally there is reason to fear one species has been mistaken for another. 

Many of the stations complain of an unusual scarcity of birds last 
autumn. By some observers this is attributed to its stormy character, 
but it is also due no doubt to a general diminution of birds by reason of 
the great numbers which perished here in the two previous severe 
winters. 

The daily weather charts received from the Meteorological Office, 
London, show the last quarter of 1881 to have been exceptional in the 
number and violence of its cyclonic disturbances—strong westerly and 
southerly winds prevailing. 

In order to see more easily the effect of the weather on:the movements 
of birds, as well as to compare the migration of one species with that of 
another on a given date, the entries from the schedules have been classified 
in chronological order. The dates of migration can also be more readily 
appreciated. 

As might be expected, more birds have been observed on our eastern 
coast than elsewhere. The returns from the west coast are poor in species, 
especially those from Kerry, Clare, Mayo, and Donegal. The Tuskar Rock 
—seven miles to the S.E. of Wexford—seems likely to prove the best 
station on the Irish coast. Large numbers of birds passed, and hundreds 
were killed. 

Rockabill—five miles from the Dublin coast-—may prove a good station. 

At the Copeland Islands, County Down, most species were noticed, 
This is due perhaps to careful observation as well as situation. 

The general remarks from Black Rock lighthouse, County Mayo, one 
of the most westerly as well as one of the most isolated Irish stations, are 
interesting. It is desirable not to draw conclusions too hastily from the 
statements of untrained observers. 

For the present we prefer to wait for a year or two before giving any 
general results. Gradually the light-keepers will, we anticipate, take a 
greater interest in this subject, and the schedules will be better and more 
accurately filled, and we have hopes that then some trustworthy conclusions 
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may be arrived at, but it would be premature now to generalise from the 
data supplied to us. 

In conclusion we take this opportunity of expressing our best thanks 
to the Master and Elder Brethren of the Trinity House, the Commissioners 
of Northern Lights, and the Commissioners of Irish Lights, for their 
ready co-operation and assistance, through their officers and men, in the 
inquiry. 

We respectfully request our reappointment. 


Report of the Committee, consisting of the late Professor F. M. 
Batrour, Professor NEWTON, Professor HuxLey, Mr. ScLATER, 
Professor Ray LANKESTER, Professor ALLMAN, Dr. M. Foster, and 
Mr. Percy SLavEN (Secretary), appointed for the purpose of 
arranging for the occupation of a Table at the Zoological Station 


at Naples. 


Tue Report upon the Zoological Station at Naples which your Committee 
have the pleasure of presenting is of a highly satisfactory character. 
The activity and prosperity of the institution continue in a course of 
steady development, the number of naturalists who have visited the 
Station during the past year shows a regular increase, and the published 
results of the investigations undertaken by them stand in proportionate 
ratio. No better proof than this could be furnished of the important 
position held by the Station in relation to the progress of Zoological 
science generally. In the ‘ Bericht’ for 1881, issued by Professor Dohrn, 
attention is very naturally drawn to this increase of working visitors, 
notwithstanding the fact that during the ten years which have now 
elapsed since the foundation of the Station at Naples nearly a dozen 
establishments with a similar object in view have sprung into existence 
elsewhere. In no instance, however, can these kindred institutions be 
said to rival, either in magnitude or in scope, the proportions of their 
Neapolitan forerunner; and a caution is very justly pronounced in the 
report above mentioned against the indiscriminate multiplication of small 
and ill-organised stations, as being a means of dissipating the pecuniary 
support which is necessary for the maintenance and development of an 
efficient establishment. From the fact that the gross income which can 
be regarded as obtainable for such purposes is always of a comparatively 
limited extent, any division of patronage necessarily tends to weaken the 
power and to lessen the circle of usefulness, which the perfectly organised 
and adequately supported establishment cannot fail to possess. This 
warning is the outcome of no narrow-minded fear, but of a logical 
inference; for the conclusion is unquestionable that three or four large 
and well-organised stations would be able to contribute more to the 
advancement of science than a number of smaller institutions, each of 
which, on account of the division of means and the consequent inadequate 
endowment, would by itself be capable of doing comparatively little. The 
erection of numerous stations on coasts which are neither extensive nor 
diversified becomes on this account extravagant, as wellas detrimental to 
prosperity and success. According to the scheme of Dr. Dohrn, the dis- 
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tribution of Zoological Stations should be world-wide—not simply con. 
fined to Europe only ; and further than this, means should systematically 
be devised for enabling naturalists to visit and to avail themselves of the 
opportunity of investigating unknown districts at distant stations. Upon 
such a basis it is not too much to say that Zoological Stations would 
become the recognised centres from whence the unsolved problems of 
Zoological Science might be approached with every prospect of successful 
solution. It has always been the aim of the Directorate of the Station at 
Naples to develop an organisation which would afford a saving to the 
working naturalist of the three important factors of time, space, and 
money. The amount of success which is obtainable in this endeavour is 
directly proportionate to the amount of assistance and co-operation 
received; and hence it follows as a consequence that the greater the 
patronage and support, the more speedily and the more perfectly will 
this object be attained. 

The Publications of the Station—In the management of the 
Zoological Station at Naples, especial energy is devoted to the publica- 
tions issued under its auspices. The various works, which are already 
well before the public, have taken a place in the front rank of scientific 
literature ; and each of the series is an undertaking worthy of the sup- 
port of all biologists. It is unnecessary in the present place to do more 
than report that the following is the state of progress of the respective 
publications :— 

1. Of the ‘Fauna und Flora des Golfes von Neapel,’ four monographs 
have already been issued. Monographs by Dr. Paul Mayer on the 
Caprellide, and by Dr. Grussi on the Sagitte, are in the press; and 
succeeding monographs by Dr. Spengel on Balanoglossus, by Baron 
Valiante on the Cystosire, by Dr. Andres on the Actinie, and by Dr. Lang 
on the Planariz, are in preparation. There are at present 260 subscribers 
for the ‘Fauna und Flora’ monographs—a number which cannot fail to 
be considerably augmented so soon as the character of the works already 
published is more widely known. 

2. Of the ‘Mittheilungen aus der Zoologischen Station,’ vol. iii. 
part iv., and vol. iv. part i., are in the press. The former contains papers 
by Berthold on the Bathymetrical Distribution of the Algz of Naples, 
and by Mayer on Fig Insects; and the latter part, papers by Whitman 
on Dicyemidx, and by Salenski on the Development of Salpz. 

3. The ‘Zoologischer Jahresbericht’ for 1881 is in an advanced state 
—a considerable proportion being already printed off. Parts i., iii., iv., 
are edited by Professor J. V. Carus; part ii., by Dr. Paul Mayer. 

The British Association Table—Your Committee have much pleasure 
in reporting that the British Association Table has been almost con- 
tinuously in use during the past year—three naturalists having worked 
there successively, viz., Mr. Patrick Geddes, Mr. A. G. Bourne, and Mr. 
_ Frank E. Beddard. The reports furnished by these gentlemen indicate 
that in each case important investigations were successfully undertaken. 
These reports will be found appended, along with the usual lists and detailed 
information courteously supplied by the staff of the Zoological Station. 

Applications for the use of the table during the coming year have 
already been received by the Committee. 

With these assurances before them of the utility of the Association 
_ table, and of its direct and fruitful application to the advancement of 


“weer your Committee confidently recommend the renewal of the grant. 
. U 
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I. Report on the Occupation of the Table by Mr. Patrick Geddes. 


I reached Naples on the 8th of October, 1881, and left on the 14th of 
November. My object was to determine the nature and functions of the 
‘yellow cells’ of Radiolarians and Coelenterates; and more especially to 
sest the hypothesis of their algal nature—emitted by Cienkowski, and 
adopted by the brothers Hertwig, Korotneff, Brandt, and other naturalists. 
I believe I may say that the result was completely successful; but as full 
details of my observations and experiments are now published in a paper 
‘On the Nature and Functions of the “ Yellow Cells”? of Radiolarians 
and Ccelenterates ’ in the ‘ Proceedings’ of the Royal Society of Edinburgh 
for 1881-82, I may refer to that publication. 

Lhave only, therefore, to express my most sincere thanks to the Com- 
mittee for the use of their table. 


II. Report on the Occupation of the Table by Mr. A. G. Bourne. 


When I obtained permission to occupy the table from January 1 until 
April 17, I did so chiefly with the intention of working at the minute 
anatomy and histology of the marine leeches—Pontobdella and Branchel- 
lion. During the past two years I have been working, as opportunity 
offered, at the comparative histology of the series of Hirudinean genera. 
Although every effort was made on the part of the Station, the material 
was not so abundant as I could have wished; Pontobdelle were fairly 
numerous, especially towards the latter part of my stay ; but of Branchel- 
lion only three or four specimens came to hand—the B. torpedinis of 
Savigny. 

The results which I obtained in this work I shall publish in connection 
with a series of papers on the comparative histology of the Hirudinea. 
While some of these are only confirmations and enlargements of the views 
put forward by Leydig, De Quatrefages, and Vaillant, some are at variance 
with these views, and others entirely new. 

Up to the time of writing this Report I have been unable to complete 
their working out, and so must refrain from detailing them here. 

I further occupied myself with an investigation of the structure and 
function of the papillae: found on the ventral surface of the body in Poly- 
noina, the ‘inferior tubercle’ of Huxley, which Grube thought might 
serve as a genital duct. 

Surprisingly enough, this tubercle has been as a rule overlooked by 
systematic workers at the group. I have been enabled to satisfy myself 
completely that it is the terminal portion of a nephridial duct, and by 
means of transverse sections to make out the structure of the nephridium. 
When the body is distended with genital products, these are forced into the 
tubercles and distend them, but they lie between the wall of the nephridial 
duct and that of the tubercle, and do not pass to the exterior of this 
region ; this they doubtless do by a splitting of the body-wall in some 
region. Such a method also obtains in other annelids, and is certainly 
the rule in the Archi-annelida. I have observed that in many species 
the ‘ overlapping’ or ‘non-meeting’ condition of the elytre is due to the 
state of such distension. 

My sections also show the method of attachment of the elytre, their 
structure, as also that of the basal portion of the notopodial and neuro- 
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podial cirri, which contain peculiar cells, no doubt sensory in function. 
The supra-cesophageal ganglion, or brain, fills the prostomium and appears 
to supply the prostomial tentacles and palps (‘ Fuhlercirren’ of Grube). 
In addition, I collected the various members of the group which appeared 
during my stay, and hope to revise Claparade’s list of the same; his 
P. Grubiana is certainly synonymous with the Lepidonotus clava of Mon- 
tagu, common on the coast of South Devon, while he entirely omits to 
mention P. (Lepidasthemia, Meu.) elegans, Grube, =P. lampropthalma, 
Marenzeller. I have found one species which I believe to be new. 

I was anxious to trace the development of some directly developing 
Meduswe—Pelagia, Carmarina, or other; neither Haeckel, Fol, nor Metsch- 
nikoff had been able to demonstrate in Carmarina the exact method of 
formation of the sub-umbral cavity, &c., which I had hoped to do, but did 
not obtain a single egg; and while, in the case of Pelagia, I was able to 
confirm Kowalesky’s account of the segmentation, my departure prevented 
me from carrying the developmental history further than the formation of 
the four-sided pyramidal gastrula. 

Further, I dissected specimens of the large species of Aplysia, common 
at Naples, with a view of determining the anatomy of the renal organ. 
The so-called poison-gland of Della Chiaje,a grape-like organ lying to the 
right of Spengel’s olfactory organ, has nothing to do with it; the glands 
which secrete the pigment are scattered follicles, lying in the substance of 
the free edge of the mantle, and opening on its under surface. The so- 
called triangular gland and renal organ, which are only two parts of the 
same organ, lie near the attachment of this flap; the external aperture of 
the organ is near the anterior attachment of the gill. The renal epithelium 
lines a much plicated continuous membrane, and the renal sac communi- 
cates, as has already been shown to be the case in other gastropods, with 
the pericardial cavity. 

And lastly, at the request of Professor EH. Ray Lankester, I have 
verified his observations on the development of autoplasts in the egg of 
Loligo, the existence of which has lately been denied by Ussow. 


III. Report on the Occupation of the Table by Mr. Frank E. Beddard. 


I occupied the British Association table from April 24 to June 9. 
Besides endeavouring to obtain a general acquaintance with the fauna of 
the coast, I devoted myself to a study of the histology of the Pedicellariz 
of certain echinoderms, in continuation of an investigation recently 
published in the ‘Transactions of the Royal Society of Edinburgh.’ 
Although, unfortunately, my work was much interfered with by indis- 
position, which even obliged me to leave Naples for Ischia for a short 
time, I was able to collect a considerable amount of material ; and hope 
to complete and publish my observations during the coming winter. : 

I wish to return my most sincere thanks to the Committee for their 
kindness in allowing me to use the table. 
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IV. A List of the Naturalists who have worked at the Station from the end 
of June 1881 to the end of June 1882. 


Duration of Occupancy 
Num- = AGE State or Scientific 
beron, Naturalist’s Name Body whose Table 
List was made use of | Arrival Departure 
181 | Prof. C. Emery . | Italy f - | July 27, 1881 | Sept. 24, 1881 
182 | Dr. Colasanti .  ektaliys : | Ane-210 Sars OG sme 455 
183 | Dr. O. Hamann . | Saxony ; . || Sept. 25 Wy Feb. 18, 1882 
184 | Mr. A. Haddon . | Cambridge. <a(Oct 67 a; Nov. 1, 1881 
185 | Mr. P. Geddes . . | British Association | fl 8 coe pee 1An oa cox 
186 | Dr. J. Vogel . . | Baden. , ele (i ysien San a DONS 5 
187 | Mr. de Watteville . | Switzerland ie cK June 5, 1882 
188 | Dr. G. Beyse . . | Prussia - ol ENOVs aes 
189 | Mr. C. O. Whitman . — R50 LZ) aay May 2 ,; 
190 | Prof. A. Weisman . | Baden. ‘ . 330) LODE April 24 _,, 
191 | Stud. Witte. . | Strasburg . : sone Dearne Febs 14.55 
192 | Dr. Korotneff . . | Russia % . 35 429 eis Mar. 23 5, 
193 | Dr. J. Fraipont .| Belgium . sale WeC. O0mamee April 1, 
194 | Capt. G. Chierchia . | Italy . a : nk ee Ss) alas 
195 | Dr. A. Andres - | Italy . ‘ > | Jan, 9 1eS82) | eoumel len 5. 
196 | Mr. A.G. Bourne . | BritishAssociatio 5 | OARS Aprill4 ,, 
197 | Dr. W. Uljanin . | Russia : 3 Beare ch 3 < 
198 | Prof. G. Fritsch . | Berlin Academy . 55) LORE Feb. 17 5, 
199 | Prof. D. Brauns . | Berlin Academy. | Feb. 4 ,, Mai. alae ss 
200 | Dr. L. Oerley . . | Hungary ee a ee 
201 | Mr. W. Weldon . | Cambridge . ee Oil Oye 
202 | Dr. A. Fiengha . | Italy . c - ee 2B. cp 
203 | Dr. T. Weyl. . . | Bavaria «| March 4, 5; Aprily (Bis ss 
204 | Dr. P. Fraisse . . | Saxony : é ees May 20). 
205 | Dr. E. Imhof . . | Switzerland Ae estavee WA oe 
206 | Dr. v. Heydenreich. | Russia . : Hee SIU Sip os Des 
207 | Dr. v. Mereschkowsky| Russia ; m bs LBS cloeae 
208 | Mr. F. E. Beddard . | British Association Bi TZEN Us June 9 4, 
209 | Dr. Brandt . . | Berlin Academy . er Diaby 


V. A Tist of Papers which have been published in the year 1881 by the 
Naturalists who have occupied Tables at the Zoological Station. 


Dr. Ewald 5 . Ueber den Modus der Nervenverbreitung im elektrischen 
Organ von Torpedo. ‘ Unters. Physiol. Instit. Heidelberg,’ 
Bd. 4. 1881. 

Dr. K. Brandt. . Untersuchungen an Radiolarien. ‘ Monatsber. K. Akad. Wis- 
sensch, zu Berlin,’ 1881. 

Prof. A. Gotte. . Zur Entr.-Geschichte der Wiirmer. ‘Zoologischer Anzeiger,’ 
1881. 

Dr. J. Brock . . Unters. tiber die Geschlechtsorgane einiger Muraenoiden. 
‘ Mittheil. Zool. Station, Neapel,’ Bd. 2, 1881. 

Prof. E, Metschni- Unters. iiber Orthonectiden ‘Zeitschr. f. wiss. Zool.’ Bd. 35, 

kof 1881. 


Pr 3 . Vergleichend embryologische Studien. ‘Zeitschr. f. wiss. 
Zool.’ Bd. 36, 1881. 
Dr. A. Andres. . Prodromus neapol. actiniarum faunz addito generalis actini- 


arum bibliographize catalogo. ‘Mittheil. Zool. Station, 
Neapel,’ Bd. 2, 1881. 

5 4 . Intorno alla scissiparita delle attinie. ‘ Mittheil. Zool. Station, 
Neapel,’ Bd. 3, 1881. 
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Dr. J. W. Spengel . 

” . , 
Dr. J. Gaule . . 
Dr. Th. Wey! “| 


Prof, R. Kossmann . 


” e . 


Dr. G. Vosmaer 

Dr. W. Uljanin ° 
Prof. W. Flemming. 
Prof, EH. Selenka . 


33 ° . 
Prof, E. v, Beneden 

“i ‘ - 
Dr. Foettinger 5 
Prof. H. Ludwig 
Prof. W. Salensky . 
Dr. KE. Yung . 


Stud. M. Bedot 
Dr. W. Giesbrecht . 


” s 


Prof. C. Hofmann . 
Dr. A. Della Valle . 


Dr. MacLeod . - 


Dr. C. de Meresch- 
kowski 


” . . 


Prof. A. Du Plessis . 
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Die Geruchsorgane und das Nervensystem der Mollusken, 
‘ Zeitschr. f. wiss. Zool.’ Bd. 35, 1881. 

Oligognathus Bonelliae, eine schwartzende Hunicee, ‘ Mit- 
theil. Zool. Station, Neapel,’ Bd. 3, 1881. 

Das Flimmerepithel der Aricia foetida. 
u. Physiol.’ 1881. 

Beobacht. iiber Zusammens. u. Stoffwechsel des Elektrischer 
Organs von Torpedo. ‘ Monatsber. K. Akad. Wissensch, zu 
Berlin,’ 1881. © 

Studien tiber Bopyriden: I. Gigantione Moebii; II. Bopy- 
rina Virbii. ‘Zeitschr. f. wissensch. Zool.’ Bd. 35, 1881. 


‘Archiv fiir Anat. 


Die Entonisciden. ‘ Mittheil, Zool. Station, Neapel.’ Bd. 3, 
1881. 
Studien iiber Bopyriden : III. Ione thoracica, &e. Ibid. 


Vorloop. Berigt omtrent het ondezoek &c. in het Zool. Station 
te Napels verrigt. Haag, 1881. 

Ueber die embryonale Entwickelung des Doliolum. ‘ Zool. An- 
zeiger,’ 1881. 

Beitriige zur Kenntniss der Zelle und ihrer Lebenserscheinun- 
gen. ‘ Archiv. f. mikrosk. Anat.’ Bd. 20, 1881. 

Zur Entw. Gesch. der Seeplanarien. ‘ Biologisches Central- 
blatt,’ Jahe. 1, 1881. 

Zoologische Studien: II. Zur Entw.-Gesch. der Seeplanarien. 
Leipzig, 1881. 

Sur quelques points rélatifs 4 organisation et au développe- 
ment des Ascidies. ‘Comptes Rendus,’ 1881. 

Existe-t-il un Coelome chez les Ascidies? ‘ Zoologischer An- 
zeiger,’ 1881, 

Un mot sur quelques Infusoires nouveaux parasites des Cépha- 
lopodes. ‘Acad. Roy. Belg. Entr. Bull.’ 3 8. T. 1, 1881. 

Zur Entw.-Gesch. des Ophiurenskelettes. ‘Zeitschr. f, wis- 
sensch. Zool.’ Bd. 36, 1881. 

Neue Untersuch. iiber die embryon. Entwick. der Salpen. 
‘Zoologischer Anzeiger,’ No. 97 u. No. 98, 1881. 

Recherches expérimentales sur l’action des poisons chez les 
Céphalopodes. ‘Mittheil. Zool. Station, Neapel,’ Bd. 3, 
1881. 

Sur la faune des Siphonophores du Golfe de Naples. ‘ Mittheil. 
Zool. Station, Neapel,’ Bd. 3, 1881. 

Zur Schneidetechnik. ‘ Zoologischer Anzeiger,’ 1881. 

Methode zur Anfertigung von Serien-Priiparaten. ‘ Mittheil. 
Zool. Station, Neapel,’ Bd. 3, 1881. 

Zur Ontogenie der Knochenfische. Amsterdam, 1881. 

Nuove Contribuzioni alla Storia Nat. delle Ascidie composte 
del Golfo di Napoli. ‘ Reale Accad dei Lincei,’ 1880-81. 
Recherch. sur la Struct. et le Dével. de l’Appareil Reprod. 
femelle des Téléostiens. ‘ Extr. des Archives de Biologie,’ 

vol. ii. 1881. 

Sur la tétronérythrine dans le régne animal, et sur son réle 
physiologique. ‘ Comptes Rendus,’ No. 24, 1881. 
Les Crustacés inférieurs distinguent-ils les couleurs? 

No. 26, 1881. 
Rémarques sur les Métamorphoses de la Cassiopée Bourbon- 
* nienne. ‘Bull. Soc. Vaud,’ 2 S. vol. xviii. 1881. 


Ibid. 


VI. A List of Naturalists to whom Specimens have been sent from the end 


of June 1881 to the end of June 1882. 


free; 
1881. June 26 Dr. MacLeod, Ghent Mollusca . : : « 2150)" 
Aug. 1 Prof. von Koch, Darmstadt Annelida, Brachiopoda . 29°50 
» 14 Professor Salensky, University, Various classes 2 . 45820 
5 Kasan 
» 14 Prof. Salensky, Veterinary Col- Allclasses . : . 2419° 


lege, Kasan 
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1881 


1882. 


Aug. 24 


” 


i 
or er Or bo cD OO 


25 
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Prof. Giglioli, Florence , . 
W. Leche, Stockholm - 
Prof. A, M. Marshall, 
chester 
Prof, A. Brandt, St. Petersburg 
Prof. W. Berlin, Amsterdam 
Dr. L. Eger, Vienna . . 7 
KE. A. Birge (?) England . ; 
T. Martisz, Buda-Pest 4 
Prof, W. Bridge, Birmingham . 
C. Vetter, Hamburg . 5 : 
Prof. Emery, Bologna ; . 
Prof, J. Young, Glasgow . ; 
Prof. Butschli, Heidelbere : 
Zoologisches Institut, Heidel- 
berg 
Prof, R. Kossmann, Heidelberg 
University, Charkoft “ A 
Veterinary College, Charkoff . 
Dr. Hubrecht, Leyden . . 
Prof. Sollas, Bristol . : 
Prof, Villanova, Madrid . 
Zoolog. Institut, Wiirzburg 


Man- 


Prof. Wilckens, Vienna . . 
Dr. Batelli, Arezzo . < A 
Prof. Ehlers, Géttingen . 2 


Mr. John Murray, Edinburgh . 
Prof. Bergh, Copenhagen . 

Dr. Thum, Leipzig . 
Prof. Todaro, Rome . ° 
Prof. Ludwig, Giessen 

Graf Béla Haller, Vienna . 
Prof. Wagner, St. Petersburg 
Prof. Goette, Strasburg . 
Mr. G. Brook, Huddersfield A 
Dr. Kraepelin, Hamburg . 
Dr. Andreae, Ruhrort a. Rh. 
Prof. Giglioli, Florence . 
Dr. Hubrecht, Leyden . 
Prof. Licopoli, Naples . 
Dr. Eger, Vienna . ° 
Prof. de Sanctis, Rome . 
Prof. Balfour, Cambridge 
M. de Loriol, Chalet des Bois . 
Prof. T. E. Schulze, Gratz p 
Prof. du Plessis, Lausanne 
Mr. Bolles Lee, Florence . . 
Prof, Seguenza, Messina . ' 
Prof. Steindachner, Vienna 5 
Prof. Marenzeller, Vienna . 
Prof. Fritsch, Berlin fa i 


Prof, Marenzeller, Vienna 

Dr. Czeschka, Gratz . 

Dr. Krukenberg, Heidelberg 

Grand Duke George of Russia 

Dr. Carriére, Munich C 

Dr. L. Eger, Vienna . 

N. Fenoult and Co., St. Peters- 
burg 

Prof. Herdmann, Liverpool 

Mr. Higgins, Liverpool . . 

Prof. Whitman, Naples . A 

Zoolog. Museum of Berne ‘ 


Fishes . . 
Various classes 
Various classes 


All classes ‘ 
Various classes 
All classes 


Larvee of Crustacea 


Various classes 


Fishes and Tunicata 


Various classes 
Various classes 
Various classes 


Cassiopeia, Siphonoph. 


Various classes 


Various classes 
Various classes 
Various classes 
Chiton , F 
All classes - 
Various classes 


Mollusca, Scalpellum 


Various classes 


Ccelent., Ascidia, Mollusca 


Various (cee 
Foraminifera . 
Doris " 
Various classes 
Various classes 
Various classes 
Dolium 
Various classes 
Various classes 


. 
. 
. 
: 
3 
. 


Larvee of Crustacea 


Elementary collection 


Sipunculus 
Fishes . . 
Terebratula . 
Various classes 
Comatula 

All classes 
Various classes 
Diadema 


Coelenterata, Salpze 
Ceelenterata, Bryozoa 


Sponges . 5 
Comatula Fi 
Fishes . 5 
Annelida. 


Various classes 
Various classes 
Cephalopoda . 
Murena . : 
Various classes 
Heteropoda . 
Caryophyllia . 
Various classes 


Various classes 
Various classes 


Annelida, Cephalopoda 


Various classes 


= se) «Je; fe ae ee ow ao 


tae Pe Lee eee 


Fr. c¢. 
68° 
39°80 

420: 


178°45 
149-80 
423°35 
17°25 
31°65 
217° 
192°60 
321-75 
Be3 


38 10 


44-15 
33°50 
125°75 
4:60 
611°80 
421-15 

9: 
72°30 
64:30 
165-30 
gratis 
gratis 
38°85 
48°35 
131°80 
18:25 
809°30 

911° 

7 
17810 
21°85 
65°25 
25 


1882, April 12 


”» 
” 


14 
17 
21 
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Prof. Margo, Buda-Pest . ° 
Dr. B. Grassi, Heidelberg. 
Prof, Arm, Sabatier, Monpellier 
Birfelder, Stuttgart . : 5 
Prof, F. E. Schulze, Gratz ( 
Dr. L. Eger, Vienna . 
Dr. Hamann, Jena . < : 
Prof. Moseley, Oxford . 5 
Prof. Vogt, Geneva . . 
Prof. Stepanoff, Charkoff . 

Prof. Emery, Bologna "| 
Dr. Brock, Gottingen . : 


Museum of Natural History, 
Dublin 

Zoological Laboratory, Heidel- 
berg 

Dr. Sochaczewer, Berlin 

Prof. Wartmann, St. Gall. 

Dr. Schulgin, Villafranca 

Prof. Weismann, Freiburg, i. Br. 

Prof, H. Ludwig, Giessen 


Dr. J. Carriére, Munich . 5 
Prof, A. Quennerstedt, Lund 
Prof. R. Hertwig, Koenigsberg 
Prof. L. di Majo, Naples . 
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Fr. ¢. 
Various classes, foranatomy gratis 
Embryos of Elasmobranchs 50: 


Amphioxus . A ae 
Various classes ; A Saad ay 
Various classes ‘125°25 
Various classes eee ize 
Ambulacra of Echinus , 3°75 
Various classes 5 . 214:50 
Various classes = . 282-70 
Various classes 76°40 
Testudo greca 5 ts 
Various specimens for 
Histology G75 
All classes ; . 1595°30 
Various classes ; 73°70 
Gasteropoda . 23°75 
Fishes . =. O0s 
Embryos of Cephalopoda 60° 
Various classes » 757°85 
Echinodermata ee 
Sepia 182°75 
der Ghinead pur 
Charybdzea, Mollusca 18°60 
Various classes 306°70 
Various classes ; . 178:05 
Various classes 4 gratis 
1544415 


VII. A List of Naturalists to whom Microscopic Preparations have been 
sent from the end of June 1881 wp to June 1882. 


1881. July 


” 


” 


1882. Feb. 


25 


Prof. W. Leche, Stockholm 
Prof. Plateau, Ghent 53 
Prof. van Bambeke, Ghent 
Prof. von Koch, Darmstadt 
Prof. Kuhne, Heidelberg : 
Prof. Salensky, Kasan 


Prof. Salensky, Veterinary College, Kasan 


Henri van Havermaet, Brussels 


Prof. A. M. Marshall, Manchester : 


Prof. R. Kossmann, Heidelberg 
Dr. Stepanoff, Charkoff . 

Prof. Vogt, Geneva . _ , 
Prof. Sollas, Bristol . : 
Prof. Pedicini, Rome A ; 
Prof. Haddon, Dublin . : 
Prof. Todaro, Rome F 

Mr. Patrick Geddes, Edinburgh 
Prof. M. Wagner, St. Refine 
L. Dreyfus, London 
University of Wisconsin 
Dr. Guida, Naples 5 
Dr. R. Renzone, Naples . 
L. Ward, Manchester. 

= 1094 fr. 20 c. . ‘ 
Prof. T. E. Schulze, Gratz 
Prof. Moseley, Oxford 


Science and Art Department, London 


Edmund Wheeler, London . 


On éoramiscién 745 


Fr. ¢ 
51 preparations 117-45 
7 a 115-70 
15 os 218: 
. 25 ‘3 45°50 
4 4 13°30 
6 “= 12: 
33 * 73°50 
. 11 “ 23° 
29 ” 66°50 
15 o 34°75 
5 42 % 94: 
45 % 72°85 
: 127 a 286°55 
c 5 9 5°25 
64 Ay 139° 
43 FY 104°50 
. 55 » 120: 
‘ 61 ”% 136°25 
: 259 a 189°50 
. AT ” 119°85 
22 ” 30° 
5 ” 7:26 
preparations, 
° . sold 5 129°50 
. Se) ” 23°25 
- oC » 214°35 
52 FY) 105°95 
. . 225 < ” 250° 
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Fr. c. 
1882. Keb. 10 Gustav Schneider, Basle. On commission 2010 preparations, 
Lg\GOn tree ME? 6,0 stot ewe ss 
» 13 Prof. Fritsch, Berlin : : : - 26 a 50- 
», 14 E. Ward, Manchester. On commission 103 preparations, 
= 15,750 fr. 
» 18 Prof. H. J. von Ankum, Groningen . 66 55 133:75 
» 24 R.and J. Beck, London - : . 224 He 250° 
» 24 C.Baker, London . 5 : : . 227 “ic 250° 
» 24 L. Dreyfus, London . ; . . 35 i 65° 
Mar. 12 Térisse, Castellamare ‘ : P Peels: _ 30° 
April 8 Prof. Emery, Bologna . 0 : «26 as 8: 
» 11 Gibson Carmichael, Naples . : ria! bi ee 20° 
» 14 Prof. Lankester, London : 2 ; oD rf 80°50 
» 18 Prof Mojisisovitz, Gratz. c - . 55 e 103°25 
», 18 Prof. Haddon, Dublin . = 4 elo - 33° 
358125 


Report of the Committee, consisting of JAMES GLAISHER (Secretary), 
the Rey. Canon Tristram, and the Rev. F. LAWRENCE, appointed 
for the purpose of promoting the Survey of Eastern Palestine. 


We have to report, as regards the survey of Hastern Palestine, that the 
Committee of the Palestine Exploration Fund were able, in the spring of 
last year, to organise and equip an expedition for the execution of this 
important work. They were able to secure the services of Captain 
Conder, R.E., formerly in charge of the survey of Western Palestine, 
and they were granted by the War Office the services of Lieutenant 
Mantell, R.E., a young officer who had recently left Chatham. They were 
also able to re-engage Messrs. Black and Armstrong, now pensioners of 
the Royal Engineers. The party left Hngland on March 16, 1881, 
arriving at Beyrout early in April. Their instructions were, on receiving 
the instruments, which were not quite ready when they left England, 
to begin the survey in the north, and to make as much use of the 
friendly Druses as possible. Unfortunately, a revolt of these people 
made work in the Hauran impossible, and it was finally decided by 
Captain Conder to commence in the south, where it appeared probable 
that operations could be conducted with safety. Accordingly he led his 
party across the Jordan, and commenced and carried on the survey for 
some months. 

Unfortunately it had been discovered by the Turkish authorities that 
the firman with which our party worked was one issued by a former 
Sultan, and that it did not convey the power of working east of the 
Jordan. Peremptory orders were received from Constantinople that the 
work was to be stopped immediately. But by this time 500 square 
miles of the survey had been accomplished. 

Efforts were made by the Foreign Office, by Lord Dufferin, and by 
Captain Conder himself, to obtain a new firman. The matter is so far 
advanced that a firman has been promised. But it is not yet signed. 

Captain Conder kept his party in winter quarters at Jerusalem, where 
they were employed in laying down the work and calculating the obser- 
vations and making fair drawings of the plans. In the April of the year 
their Royal Highnesses Princes Edward and George of Wales reached 
Palestine, and Captain Conder was commanded to attend them on their 
tour, which lasted six weeks. In the course of the journey the Mosque 
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of Hebron was visited, and an accurate plan taken by Captain Conder. 
The party also spent a week on the eastern side of the Jordan. 

Captain Conder retired from the country on May 22 of this year. 
Before leaving Palestine he received notice from His Excellency the British 
Ambassador that the new firman had been finally approved by the 
Minister of Public Instruction, and submitted by him to the Porte for 
confirmation. He has brought home with him the finished map, on the 
scale of 1 inch to the mile, of 500 square miles, together with many 
new photographs taken by Lieutenant Mantell, and volumes of notes, 
special plans, drawings, &c. He is now occupied in working up for 
publication the notes and information collected by him. This will 
occupy him about five months. 

The results of this campaign have been, among other things, the dis- 
covery of a vast number of cromlechs and rude stone monuments. Many 
of them had been discovered previously by Canon Tristram, but Captain 
Conder has established the fact that this part of Moab was a great centre 
of the form of religious worship of which these monuments are the 
remains. He suggests that among them are the altars of Balak. He has 
proposed identifications for Baal Peor, the Field of Zophim, the Ascent of 
Luhith, Jazer, Sibmah, and Minnith—six Biblical places previously un- 
known; he has collected a great quantity of Arab folk-lore, with tribe 
marks and traditions; he has found a most remarkable building of 
Persian character at Amman; and he has made a collection of sketches 
and plans of the greatest value. In fact, the work done on the east of the 
Jordan will be found to be in every way equal to that done in the west and 
already published. He has also made numerous geologicai observations. 
But besides the survey, Captain Conder found time to do a great deal of 
work on this side of the river. He discovered Kadesh, the ancient capitai 
of the Hittites; he has measured and planned the Siloam tunnel, and 
made a copy of the inscription; and he has discovered and planned what 
he suggests may be nothing less than the real Holy Sepulchre. 

It is hoped that the party may again before long take the field, with- 
out fear of obstruction or opposition, in a work which has no political 
significance, but is of extraordinary interest to all who are interested in 
the lands and people of the Bible. 


Report of the Committee, consisting of Professor LEonE LEVI, 
Mr. STEPHEN Bourne, Dr. Hancock, the late Sir ANTONIO Brapy, 
the late Professor JEvons, Mr. F. P. Fettows, Mr. E. J. 
WatTuHERSTON, Mr. Pearson Hitt, Mr. GEORGE BapDEN POWELL, 
and Mr. JEREMIAH HEAD, appointed for the purpose of con~ 
tinuing the inquiry into and completing the report wpon the 
Appropriation of Wages and other sources of income, and con- 
sidering how far it is consonant with the economic progress of 
the United Kingdom. Drawn wp by Professor LEONE LEVI. 


THE question, whether or not, or how far, the present appropriation of 
wages and other sources of income is consonant with the economie 
progress of the people of the United Kingdom, is one of considerable 
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importance, the consumption of wealth forming one of the great divisions 
of political economy, though it has received but scanty attention from 
English writers on that science. The question, indeed, does not admit of 
exact statistical analysis, the personal expenditure of the people being of 
an elastic character, and depending, in a great measure, on the varying 
wants of man, which seem to increase with the power of satisfying them. 
It is easy to say that the wages and other sources of income are appro- 
priated in accordance with the economic progress of the people in pro- 
portion as they are expended in articles directed to maintain, or to add to, 
the productive forces of the nation, but there remains the grave difficulty 
to define what is necessary for such maintenance or addition, and upon 
this the opinions of men differ considerably. 

Man’s real wants are very few. ‘Allow not nature more than nature 
needs; man’s life is cheap as beasts’.’ But increasing civilisation pro- 
duces increasing wants. It is not only our physical wants that we have 
to satisfy, but our moral and intellectual wants. The boundary-line 
between the necessary and the luxurious cannot well be marked. Luxury 
is a relative term. It has been defined as the use of the superfluous; but 
what is superfluous in one state of society, or to one class in society, may 
be necessary in another state or to another class. Tea, sugar, wheaten 
bread, meat, and even the education of children, were accounted as super- 
fluities in England years ago. They are now necessaries, even to working 
men. Luxury does not necessarily consist of whatever is costly. The 
most costly things are often the most economical. Wants differ greatly. 
A man of letters may find it necessary to possess a well-stored library ; 
aman of taste, an artist, will require works of art; a person of position 
and rank will need a residence suited to his condition. What is necessary 
to one who spends a life of labour and industry may be useless to another 
who indulges in dolce far niente. For the performance of intellectual, 
and even manual, labour of the highest order, comforts and conveniences 
are needed which may appear Inxuries and superfluities to those incapable 
of such efforts. 

There is a considerable difference, however, between what is expended 
in pure luxuries, such as ornaments and legitimate pleasures, and what is 
expended in dissipation, vice, or in the absolute destruction of wealth. 
Ornaments and legitimate pleasure may, both directly and indirectly, 
promote production, as an occasional amusement may lighten the mind, 
and make it the better fitted for close application; but dissipation and 
vice are directly antagonistic to the production and maintenance of 
wealth. Luxury manifests itself in the prodigal use of jewellery, the ex- 
pensiveness of entertainments, the richness of female apparel, the gorgeous- 
ness of Court pageantry, and the magnificence of household furniture 
and appointments. Luxury, it has been said, is the indigenous product 
of monarchies, monarchs having always found it useful to require a high 
etiquette and an imposing external to maintain power. But luxury 
of this nature is not confined to Courts. It is the child of wealth and 
pomp among the higher classes, greedily followed and copied by the 
lower. Luxury of such a character is condemned by moralists as intended 
to satisfy vanity and to engender egoism and ostentation. What political 
economy especially condemns is whatever is hurtful to the productive 
forces of the nation. An inordinate and wasteful indulgence in alcoholic 
drinks and tobacco in England, in the same manner as in opium in China 
and absinthe in France, is condemned by economic science because it 
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paralyses the productive forces of the nation. And so is war, with all its 
incidents; the maintenance of large armies and navies, the destruction 
of property, and the exhaustion of capital in every form. 

In the report laid before the Association meeting at York last year 
many valuable facts were presented illustrative of the personal expendi- 
ture of the people of the United Kingdom derived from the quantities of 
produce and manufacture annually consumed and valued at import and 
retail prices, both exclusive and inclusive of import and excise duties, 
as well as of expenses and profits of distribution. Though, as your Com- 
mittee have already stated, the question at issue is not capable of correct 
statistical analysis, and the values are, at best, estimates, the facts collected 
may be taken as sufficiently near the truth. For the purpose of this 
calculation the population was taken at 25,200,000. In estimating the 
income the number of paupers, sick and old, must be considered, but it 
should be remembered that only a small proportion of paupers are able- 
bodied, and that these are in the great majority not idlers, but persons 
earning insufficient wages, the low rates of which contribute to lower the 
estimated earnings for the whole number. The broad results, in their 
ageregate, were that the gross or personal expenditure of the people may 
be taken to amount to about 870,000,000/., and the net, or national, 
to about 684,700,0007. 

Upon these figures some emendations are required. The house-rent, 
deduced from the amount assessed to the Inhabited House duty, is 
made on the full value, and not on four-fifths, as for the poor-rate as 
previously calculated. We must, therefore, remove the 8,000,0001. added 
for that purpose. The amount of house-rent in Ireland may be estimated. 
from the value of messuages charged to income-tax, which was 2,200,000/. 
Add twenty per cent. to that amount, which is too low according 
to Griffiths’ valuation, to arrive at the present rate, viz. 800,0001., 
and take two-thirds of the whole amount, so as to exclude shops, 
&c., we obtain the amount of house-rent in Ireland, 2,700,0001. Hence 
the total gross or personal expenditure in house-rent may safely be taken 
at 71,700,0007. and the net at 67,400,0007. The attention of the Com- 
mittee has been called to the large expenditure in locomotion, apart from 
that included under the heading of amusements. It is difficult, however, 
to distinguish the personal from the business expenditure in locomotion. 
The gross receipts from passenger traffic on the railways amounted to 
26,000,0007.; add 6,000,000/. for tramways, cabs, and omnibuses, and we 
have a total of 30,000,0007. But of this amount only one-fourth can be 
taken as representing the personal expenditure, or about 7,500,000L., only 
40 per cent. of which would represent the real expenditure in the main- 
tenance of way, locomotive power, horses, &c., or 3,000,0007. Another 
omission has been noted, viz., the expenditure on domestic service. Such 
expenditure is, however, included in the cost of the articles which servants 
consume, the remainder constituting a simple transfer from one class to 
another. The same observation will apply to other branches of expendi- 
ture, as the medical, lawyers’ fees, &c. 

Making the necessary alterations, the total expenditure is as follows :— 
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Gross or Personal Net or National 
£ Per cent. £ Per cent. 

Food and Drink E : 500,400,000 569 349,200,000 Ea ¢ 
Dress ; a ; ; 147,800,000 16°8 123,300,000 18:0 
House, &c. 3 5 = 116,400,000 13°2 103,400,000 153 
Tobacco . 6 : ; 13,100,000 15 3,000,000 4 
Education, Literature, &c. 23,000,000 2°6 10,700,000 16 
Church . 3 A 7 12,000,000 1:4 2,400,000 3 
Locomotion . 3 7,000,000 0:8 3,000,000 “4 
Amusements . E i 12,500,000 1:4 3,100,000 4 
Taxes 5 : 4 3 47,500,000 54 7,000,000 1:0 
Cost of distribution . : — — 77,500,000 115 

879,700,000 100 682,600,000 100°0 


On examination of the component parts of these various items of 
expenditure it will be found that, whilst the expenditure on articles of 
food consists mostly of necessaries, the expenditure on drink includes a 
large amount for beer, spirits, and wine, only a small portion of which, 
probably twenty per cent., can be supposed to be necessary, the remainder 
being either pure luxury or sheer waste. The expenditure on dress includes 
silk, lace, embroideries, gold and silver and jewellery, which are luxuries. 
The house expenditure, inclusive of furniture, fire, and light, is necessary, 
though a considerable portion of furniture of the larger houses is cer- 
tainly of a Inxurious character. The expenditure on tobacco is altogether 
luxury, if not waste. Education, literature, and newspapers are neces- 
saries in this age of intellectual progress. The expenditure on theatres 
and other amusements is, for the most part, luxury. Taxes, in so far as 
they are levied to defray the cost of maintenance of order and improve- 
ments, are necessaries. Collectively, out of a gross personal expenditure, 
amounting to about 879,700,000/., about 728,000,0007. are probably spent 
on necessaries and 150,000,0007. on luxuries and waste, that is, about 83 
per cent. in necessaries and 17 per cent. in luxuries. Out of a net, or 
national, expenditure of about 682,600,000/., about 614,000,0001. are 
probably spent on necessaries and about 70,000,000/. on luxuries, that is, 
89 per cent. on necessaries and 10 per cent. on luxuries. The nation, in 
reality, spends only the half of what the individuals spend on luxuries, 
because large portions of these consist in taxes and profits of distribution 
which remain in the country. 

Of late years the expenditure on the necessaries of life has greatly 
increased. The expenditure on house-rent especially so, partly from the 
increased cost of houses, and partly from the greater capacity of the 
people to enjoy the comfort of a commodionus home. The amount upon 
which the house-duty on dwelling-houses was charged has increased as 
follows : — 


Amount charged Amount charged 
Year £ Year £ 
1856 . : - 14,297,000 1871 . ° . 25,461,000 
1861. : - 16,499,000 1876 . : . 30,458,000 
1866 . : - 20,826,000 1881 . . - 38,732,000 


T he following comparison of the number of houses at different rentals 
in Great Britain in 1831 and 1881 absolutely, and in proportion to popu- 
lation, shows a large increase in the number of persons living in houses 
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at higher rents—another evidence of the increasing prosperity of the 
country and of the productive manner in which the money is spent :— 


1831 1881 
Increase 
Rentals Number |Numberper| Number | Number per pas 
of 1,000,000 of of 1,000,000 of 
Houses | Population; Houses Population 

201. and under 507. =. |: 159,905 9,750 515,019 17,340 | 78 
602. ,; » 1OO0Z. 5 41,088 2,504 | 149,093 5,019 100 
1002. ,, » 1501. A 8,728 532 37,859 1,274 139 
1502. ,, » 300. c 4,625 282 24,062 810 187 
3002. and upwards . : 1,038 63 8,438 284 350 
215,384 13,131 734,471 24,727 88 


The distinction made in the object of the Committee’s researches 
between the wages and other sources of income suggests the inquiry into 
the relative amount of expenditure by the labouring, middle, and higher 
classes. It is difficult to ascertain the number belonging to each, the 
different classes merging into one another. The Inland Revenue Com- 


missioners give the number of dwelling-houses in Great Britain in the 
year 1880-81 as follows :— 


Number 

Under 101. , : . c : ‘ . 38,111,039 
102. and under 152. . y - E 7 5 778,935 
152... 55 » 200. . é : . . c 441,729 
20/.and upwards . . . : : - 734,471 
5,066,174 


Assuming the houses charged to house-duty at 20]. and upward to 
represent the proportion of the middle and higher classes, and those not 
so charged to represent the proportion of the working classes, the pro- 
portions would be 86 per cent. of the labouring to 14 per cent. of the 
middle and higher classes. It should be remembered, however, that the 
great number of lodgers of all classes renders the house-test most im- 
perfect. Moreover, many foremen, clerks, and teachers occupy houses at 
comparatively low rentals, just as many of the labouring classes occupy 
houses at high rentals, divided and subdivided, however, between many 
families. Altogether, there is reason to believe that the labouring classes 
represent 7) per cent. of the population and the middle and higher 
30 per cent, In other words, 246,000,000 persons, 54,000,000 families, 
at 4°5 persons each, may be taken to belong to the labouring classes, and 
10,500,000 persons or 2,300,000 families, to the middle and higher classes. 

Upon this basis we may now endeavonr to estimate the proportionate 
expenditure of the labouring and middle and higher classes respectively. 
We cannot assume the personal consumption of the labouring classes to be 
equal to that of the middle and higher classes in quantities and value, 
though the larger number of the labouring classes tends to equalise, in 
many cases, the total amount of expenditure of both. It is well known, 
moreover, that whilst beer is more largely consumed by the labouring 
classes wine is mainly used by the middle and higher classes; cotton and 
wool constitute the dress of the labouring classes, linen and silk are more 
largely used by the middle and higher. Bearing in mind these and other 
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facts, well ascertained, the following may be taken as an approximate 
division of the expenditure :— 


Gross or Personal Hxpenditure. 


Working Classes 


Middle and Higher Classes 


£ Per cent. £ Per cent. 

Food and Drink A 299,400,000 71:01 201,000,000 43°84 
Dress 2 J 4 61,860,000 14°66 86,000,000 18-76 
House : 39,300,000 9°34 77,100,000 16°87 
Tobacco 9,200,000 2°18 3,900,000 85 
Education, &c.. 4,200,000 1:00 30,800,000 6°72 
Amusements 1,900,000 45 10,600,000 2°32 
Taxes 4,700,000 1:12 42,800,000 9°34 
Locomotion . 2 1,000,000 24 6,000,000 1:30 
Cost of distribution — _— _ — 

421,500,000 100 458,200,000 100 


Net or National Expenditure. 


Working Classes Middle and Higher Classes 
£ Per cent. £ Per cent. 
Food and Drink 203,200,000 60°96 146,000,000 41°54 
Dress 7 51,600,000 15°48 71,700,000 20°45 
House 35,500,000 11:26 67,900,000 20°19 
Tobacco 2,100,000 63 900,000 "25 
Education, &c.. 1,800,000 “D4 11,300,000 3°21 
Amusements 400,000 12 2,700,000 Srir 
Taxes 700,000 21 6,300,000 1:79 
Locomotion “ 400,000 — 2,600,000 — 
Cost of distribution 36,000,000 10°80 41,500,000 1:80 
331,700,000 100 350,900,000 100 


If we distribute the expenditure in silk, gold and silver plate, to- 


bacco, beer, spirits, wine and other luxuries, amounting in all to about 
150,000,0007. gross amount, and 70,000,000/. net amount between the 
labouring and middle and higher classes, the proportion may be estimated 
as follows :— 


Working Classes 
Personal Per National Per 
Expenditure cent. Expenditure cent. 
fs | £ 
Necessaries 336,000,000 80 298,700,000 90 
Luxuries . 85,500,000 20 33,000,000 10 
421,500,000 100 331,700,000 100 
Middle and Higher Classes 
Necessaries 0 7 394,000,000 86 314,200,000 89 
Luxuries . ‘ ° 64,200,000 | 14 36,700,000 11 
458,200,000 | 100 350,900,000 | 100 
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The working classes appear thus to devote a larger proportion of 
their incomes to luxuries than the middle and higher classes, a fact all 
the more to be regretted since the working classes are thereby left with so 
much less available for the necessaries of life. Luxuries may be indulged 
in after the necessaries of life are fully provided for, and a proportional 
surplus for saving has been secured. They should not be indulged in at 
the expense of the necessaries of life, or before a proportional surplus for 
saving has been secured. 

Thus classified we have an average gross or personal expenditure of 
28s. per week for each working man’s family, and of 73s. a week for each 
of the middle and higher classes’ family, and an average net or national 
expenditure of 23s. for each workman’s family, and 55s. for each middle 
and higher class family. 

In the previous report the income of the people of the United Kingdom 
was estimated as follows :— 


Assesssed 
for Income-tax Charged 
£ £ 


Income of the middle and higher 

classes ; : - : . 578,046,297 . 490,425,774 
Income of non-income-tax payers, 

lower middle and working 

classes : 5 : : . 500,000,000 = 500,000,000 


Assuming the average income of the working classes at 30s. per week 
per family, including two earners each, their total earnings would amount 
to 430,000,0001., leaving 70,000,000/. as the income of the lower middle 
class. The classification made of the expenditure renders it necessary to 
take the income of the working classes separately, and, by placing the 
income against the expenditure, we have the following results :— 


Working Classes Middle and Higher Classes 
£ £ 
Income ; ‘ ‘ 430,000,000 : : . 578,000,000 


Expenditure 5 F 421,000,000 4 : - 458,000,000 
Excess - 9,000,000 5 . f 120,000,000 


Your Committee are conscious of the extreme difficulty of tracing 
all the expenditure of the different classes of society. It should be 
remarked, also, that some portion of the expenditure of the working 
classes, such as the cost of food, clothing, c&c., of domestic servants, 
paupers, prisoners, is really disbursed by the middle and higher classes 
or defrayed by public or local taxes. Allowing for a great margin of 
error, which in the nature of the inquiry it is all but impossible to 
avert, the general results of the inquiry are not discouraging. It is 
gratifying to know that the great bulk of the income of the people is 
productively expended, and that though much is devoted to luxury, and 
a goodly portion is wasted, still a handsome annual surplus remains for 
reproduction, which goes to swell the capital of the nation. 

The subject under consideration is of the highest practical importance, 
and its lessons cannot be too extensively diffused. It is erroneous to 
imagine that it does not matter how money is expended, whether pro- 
ductively or unproductively, provided it gives labour to the people, or 
provided the money expended remains at home ; for while in the one case 
the object produced remains, and, like capital, becomes serviceable for 
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further production, in the other the object produced is either useless or 
utterly wasted. What is expended productively is never consumed. It 
reproduces itself again and again. What is expended unproductively is 
lost. It is the same whether the expenditure is public or private. It 
is the same whether it is devoted to maintain men or to maintain things. 
It is the same whether the money is lent to the home Government or to 
foreign countries. Let money be lent to be expended in wars, it is utterly 
wasted. Let money be judiciously expended for railways or canals, 
or for drainage or other productive purpose, and it remains a source of 
wealth and prosperity. Your Committee have limited their observations 
to the appropriation of wages and other income. They might have illus- 
trated the question with the employment of the human forces and with the 
appropriation of time, the most valuable of human property. Idle habits 
and an unnecessary number of holidays likewise restrict the productive 
power of the nation, and rob the same of much of its resources. England 
labours much and she expends liberally. It is the duty of the nation 
to use aright its hard-won gains, so that they may minister to the comfort 
and affluence of the people. 


ConsuMPTION OF TEA AND SuGar. 


In a paper laid before Parliament in 1857 on the consumption of tea 
and sugar in the United Kingdom (184, Sess. 2) there is a report 
by Sir Charles Pressly, of the Inland Revenue, giving the result of an 
inquiry made through the excise officers into the proportionate quantities 
of tea and sugar consumed by the upper, middle, and lower classes in 
England and Scotland respectively, which were as follows :— 


Tea. 
England Scotland Great Britain 
Per cent. Per cent. Per cent. 
Upper classes . : Sty : 153 - 174 
Middle classes . : - i385 2 384 : 38 
Working classes 5 . 44 “aa . 44} 
100 100 100 
Sugar. 
Upper classes. : - 23 . 22 . 224 
Middle classes . : a eon : 40 5 38 
Working classes : speo : 38 - 39$ 
100 100 100 


Since 1857, however, the condition of the working classes has con- 
siderably improved, and there is reason to believe that their proportion 
of consumption is fally 66 per cent. of the whole. 
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Estimate of Gross or Personal Expenditure. 


(The Italics indicate articles of luxury.) 


Middle and Higher 


Working Classes Clkzecs 
Total Per Per 
Amount cent. of Amount cent. of 
Total Total 
Food and Drink :— £ £ £ 
Bread 77,500,000 | 50,800,000 | 66 26,700,000 | 34 
Potatoes 33,200,000 | 22,000,000 66 11,200,000 | 34 
Vegetables . 17,000,000 11,200,000 66 5,800,000 34 
Meat . 99,800,000 | 50,000,000 | 50 49,800,000 | 50 
Fish . ; : 14,500,000 8,700,000 | 60 5,800,000 | 40 
Butter and Cheese 36,000,000 | 21,600,000 | 60 14,400,000 | 46 
Milk and Eges 42,000,000 16,800,000 | 40 25,200,000 | 60 
Fruit . 11,100,000 3,300,000 | 30 7,800,000 | 70 
Sugar. 27,000,000 | 17,800,000 | 66 9,200,000 | 34 
Tea 15,300,000 | 10,100,000 | 66 5,200,000 | 34 
Coffee . 3,000,000 — —— 3,000,000 | 100 
| Beer 75,000,000 | 56,200,000 | 75 18,800,000 | 25 
Spirits 40,000,000 | 30,000,000 | 75 10,000,000 | 25 
Wine . 9,000,000 900,000 10 8,100,009 | 90 
j 
. 500,400,000 | 299,400,000 | 60 | 201,000,000 | 40 
. Dress :— = SSS SSS 
. Cotton 31,000,000 15,500,000 50 15,500,000 50 
Wool . 63,000,000 | 31,500,000 | 50 31,500,000 | 50 
Linen . 7,700,000 800,000 10 6,900,000 | 90 
Silk . 17,600,000 J,800,000 10 15,800,000 | 90 
Leather A = : 23,500,000 11,700,000 50 11,800,000 50 
Silver Plate 5 Jewellery 5,000,000 500,000 | 10 4,500,000 | 90 
147,800,000 | 61,800,000 | 42 86,000,000 | 58 
House :— 
House-rent . 71,700,000 28,700,000 40 43,300,000 60 
Furniture 11,000,000 2,200,000 20 8,800,000 80 
Coal 15,000,000 6,000,000 | 40 9,000,000 60 
Gas. 13,700,000 1,400,000 10 12,300,000 90 
| Water 5,000,000 1,000,000 | 20 4,000,000 | 80 
116,400,000 39,300,000 35 77,100,000 65 
: Tobacco 13,100,000 9,200,000 70 3,900,000 30 
Education 11,000,000 1,100,000 10 9,900,000 90 
Literature 7,000,000 1,400,000 | 20 5,600,000 | 80 
Newspapers 5,000,000 500,000 | 10 4,500,000 | 90 
Church 12,000,000 1,200,000 10 10,800,000 | 90 
35,000,000 4,200,000 12 30,800,000 | 88 
Locomotion 7,000,000 | 1,000,000 | 14 | 6,000,000 | 86 
Theatres . ; 6,500,000 1,000,000 | 15 5,500,000 | 85 
Amusements 6,000,000 900,000 15 5,100,000 | 85 
12,500,000 | 1,900,000 | 15 | 10,600,000 | 85 
; Taxes ‘ 47,500,000 4,700,000 10 42,800,000 | 90 


A Total 


879,700,000 


421,500,000 


48 | 458,200,000 


a a 


1882. 
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Listimate of Net or National Lxpenditure. 


Middle and Higher 


Working Classes Glsaces 
Total 
Per Per 
Amount cent. of Amount cent. of 
Total Total 
Food and Drink :— £ £ £ 
Bread 60,000,000 | 39,600,000 | 66 20,400,000 | 34 
Potatoes , 27,700,000 | 17,800,000 | 66 9,900,000 | 34 
Vegetables 14,000,000 9,200,000 | 66 4,800,000 | 34 
Meat . 83,000,000 | 41,500,000 | 56 41,500,000 | 50 
Fish ‘ 17,700,000 7,000,000 | 60 4,700,000 | 46 
Butter and Cheese 30,000,000 | 18,000,000 | 60 12,000,000 | 46 
Milk and Eggs 35,000,000 | 14,000,000 | 40 21,000,000 | 66 
Fruit . 9,300,000 2,700,000 | 30 6,600,000 | 70 
Sugar. 24,700,000 | 19,300,000 | 66 5,400,000 | 34 
We ze 8,800,000 5,800,000 | 66 3,000,000 | 34 
Coffee 2,200,000 — 66 2,200,000 | 100 
Beer 29,000,000 | 21,700,000 | 75 7,300,000 | 25 
Spirits 8,000,000 6,000,000 | 75 2,000,000 | 25 
Wine . 5,800,000 600,000 | 10 5,200,000 | 90 
349,200,000 | 203,200,000 | 58 | 146,000,000 | 42 
Dress :— - St 
Cotton 25,8 0,000 | 12,900,000 | 50 12,900,000 | 50 
Wool . 52,800,000 | 26,400,000 | 50 26,400,000 | 50 
Linen . 6,400,000 600,000 | 10 5,800,000 | 90 
Silk 14,700,000 1,500,000 | 10 13,200,000 | 90 
Leather . : . | 19,600,000 9,800,000 | 50 9,800,000 | 50 
Stlver Plate 5 Jewellery 4,000,000 400,000 10 3,600,000 | 90 
123,300,000 | 51,600,000 | 42 71,700,000 | 58 
House :— Soa —_—_—_——_——— 
House-rent 67,400,000 | 27,000,000 | 40 40,400,000 | 60 
Furniture 9,000,000 1,800,000 | 20 7,200,000 | 80 
Coal . 12,000,000 4,800,000 | 40 7,200,000 | 60 
Gas. : 5 11,000,000 1,100,000 | 10 9,900,000 | 90 
Water oye 4,000,000 800,000 | 20 3,200,000 | 80 
103,400,000 | 35,500,000 | 34 67,900,000 | 66 
Tobacco . | 3,000,000 2,100,000 | 70 900,000 | 30 
Education 2,200,000 | 200,000 | 10 2,000,000 | 90 
Literature é 5,000,000 1,000,000 | 20 4,000,000 80 
Newspapers . . 3,500,000 400,000 | 10 3,100,000 | 90 
Church eee te 2,400,000 200,000 | 10 2,200,000 | 90 
13,100,000 1,800,000 | 14 11,300,000 | 86 
Theatres . 1,600,000 200,000 | 15 1,400,000 | g5 
Amusements 1,500,000 200,000 | 15 |. 1,300,000 
3,100,000 400,000 | 15 | 2,700,000 | 85 
Locomotion . . 3,000,000 400,000 | 14 2,600,009 | 86 
Taxes) OO2000.01 |, 7,000,000 700,000 | 10 6,300,000 | 90 
Cost of Distribution 77,500,000 | 36,000,000 } -12 | 41,500,000 | 88 
Total Pik f 682,600,000 | 331,700,000 | 49 | 350,900,000 | 51 
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Report of the Committee, consisting. of Mr. James Heywoop, 
Mr. Wiuuram SHAen, Mr. STEPHEN Bourne, Mr. Ropert ‘WIL- 
KINSON, the Rev. W. DeLANy, Professor N. Story MASKELYNE, 
Dr. Sitvanus P. THompson, Miss Lyp1a E. Breoxer, Siri Joun 
Luppock, Professor A. W. WitLiamson, Mrs. AuGusTA ‘WEBSTER, 
Dr. H. W. Crosskry, Professor Roscor, Professor 'G. , CAREY 
Foster, and Dr. J. H. Guapstong, (Secretary), appointed to 
watch and report on the workings of the proposed revised New 
Code, and of other legislation affecting the teaching of Science 
im Elementary Schools. 


WHEN this Committee was reappointed at York, it was with a special 
view to the important changes which it was expected the Government 
would make in the Education Code. In the postscript to their previous 
report, great satisfaction was expressed at the general scope of the 
‘ proposals’ that had just been submitted to Parliament, but it was urged | 
that the knowledge of nature should be more effectually encouraged as a 
class subject. 

On assembling in the autumn, your Committee added to their number 
the Rev. H. W. Crosskey of Birmingham, and Professor Roscoe of 
Manchester, and, subsequently, Professor G. Carey Foster of London. 

At the first meeting it was determined to enter into communication 
with Mr. Mundella, the Vice-President of the Committee of Council on 
Education, but the serious illness of that gentleman caused a delay. The 
Secretary, however, eventually saw him at his own house, and found him- 
desirous of receiving the views of the Committee by deputation. As this 
was a step which your Committee felt themselves not justified.in taking 
unless through the governing body of the Association itself, they drew 
up a series of resolutions, and submitted them to the Council, with the 
request that that body should appoint a deputation to urge their views. 

These resolutions were passed by the Council, with the addition of 
that numbered VII. They were as follows :— 

I. That Clauses 9 (3), 20, 26, and the Standard work in Geography 
(pp. 6 and 7) be approved. 

II. That the arrangements involved in Clauses 18, 19, 21, 23, and 27 


be subject to revision on the following grounds :— 
a. That Clauses 19 and 21, read together, will practically exclude 
Elementary Science teaching in the Lower Division, as Geography will be 


almost always chosen by teachers as the second subject. ; 
b. That placing Standard IV. in the Lower instead of the Upper 


Division will restrict the choice of Class-subjects to be taught in that 
Standard, and altogether exclude the teaching of any of the Specific 
subjects. 


c. That, taking all these Clauses as they stand, there will practically 
be a cessation in the teaching of Elementary Science from the time of 
leaving the Infant School (Clause 9 (3) ), till entering the Upper 
Division (Clauses 23 and 27). 

It is therefore recommended that Clause 21 be left out; and that 
Clause 19 be so modified as to permit of the ordinary Class Grant being 

x2 
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paid if the children pass in any one or two of the Class-subjects, and an 
additional Grant if three be taken. 

III. That the list of Specific subjects (Clause 25) should include 
Elementary Physics, and the fundamental facts of Chemistry ; and the 
word ‘ Geometry ’ should be used instead of ‘ Euclid.’ 

IV. That Clause 29 be left out, inasmuch as Domestic Economy m- 
cludes the principles of alimentation, sanitation, &c. 

V. That the teaching of Specific as well as Class-subjects in Night 
Schools should be provided for in Clause 30. 

VI. That the Standard work in Elementary Science (pp. 6 and 7) 
needs rearranging :—- 

The division (a) should generally include plants as well as animals. 

The divisions (b) and (c) should be welded together, and more pro- 
gressively arranged. 

VII. That the Science programme should be regarded as a sugges- 
tion, but not necessarily as an inevitable arrangement. 

VIII. That the Pupil Teachers’ course (p. 11) should provide for the 
study by them of Elementary Science, seeing that they will in all pro- 
bability be required to give Object lessons, or to teach Elementary 
Science in the Schools, and to attend science classes at College. 


A deputation was appointed to present the memorial, but so many 
other public bodies were approaching the Education Department on the 
subject of the New Code, that Lord Spencer was unable to find time to 
receive it, and the memorial was sent in the usual way. Dr. Gladstone, 
however, as one of a deputation from the London, Birmingham, and 
other School Boards, had an opportunity of urging the claims of 
Science, and of mentioning the special wishes of the British Association. 
Nothing could be more distinct than the assurance of both Lord Spencer 
and Mr. Mundella as to their desire to introduce the teaching of 
Elementary Science as far as circumstances would permit. 

Recommendations somewhat similar to those of the British Associa- 
tion were made, not only by the above School Boards, but also by a 
Conference of leading educationists on Code Reform, and by the British 
and Foreign School Society. 

When the New Code was laid on the table of the House, on March 6, 
it appeared that some of these recommendations had been adopted, and 
that all the clauses in the ‘ Proposals’ which were approved by your 
Committee had been retained. 

The proposals thus retained are as follows :— 

In Infant Schools the merit grant will be dependent upon the report 
of the Inspector, who will have to take into consideration the provision 
made for ‘ simple lessons on objects, and on the phenomena of nature and 
of common life.’ 

The leading facts of Physical Geography will be taught, not, as before, 
as an optional specific subject for the high standards, but as a part of 
Geography, which is a class-subject for the children in all the standards. 

The teaching of the principles of Agriculture as a specific subject is, 
for the first time, recognised. 

The recommendations adopted are as follows :— 

‘ Chemistry ’ and ‘ Physics ’ in the two branches of ‘ sound, light, and 
heat,’ and of ‘electricity and magnetism,’ have been added to the list of 
sciences capable of being taken up as specific subjects by children in 
Standards V., VI., and VIT. 
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The scientific specific subjects are admitted for the first time into the 
curriculum of Evening Schools. 

The Department has considerably modified its scheme as to ‘ Elemen- 
tary Science’ as a class-subject; this ‘may be framed so as to lead the 
scholars in Standards I. to IV. up to one of the scientific specific sub- 
jects;’ but a scheme is also given which ‘may be taken as a guide 
suggesting heads for a sufficient number of lessons in each standard.’ 
In the scheme plants are recognised as fully as animals, and the incon- 
sistencies that occurred in the original scheme are avoided. 

The Department has not, however, acceded to other recommendations 
of your Committee. There are still retained such restrictions as will 
greatly hinder the introduction of this elementary science as a class 
subject. Domestic Economy has lost its preference as a specific subject 
in girls’ schools. Tuclid is still enforced as the handbook of geometry. 
There is no provision for the examination of pupil-teachers by Her 
Majesty’s Inspector in any branch of natural science, excepting that 
geography is made to include a good deal of physical knowledge. 

our Committee having been informed that Sir John Lubbock in- 
tended to move in Parliament that it was desirable to allow children to 
be presented for examination in any of the recognised class-subjects, 
passed a resolution offering him ‘their support in asking that the three 
class-subjects of Schedule II. of the New Code, viz., English, Geography, 
and Elementary Science, should be placed on the same footing.’ Sir 
John Lubbock, in his speech, referred to the views of the British Asso- 
ciation on this point; the debate which ensued was very favourable to 
the claims of Elementary Science, and the Vice-President promised to 
give the subject further consideration, and to ‘submit it to the Council of 
Her Majesty’s Inspectors and the able men who assisted him in framing 
the Code, and, if it was possible, he should be happy to yield to the 
wishes which had been expressed.’ ! 

Many of the Elementary Schools of this country are now working 
under the New Code, and before the month of May, 1883, they will all be 
in that condition. In that month also, the Government inspection under 
this Code will commence, and it will be possible to ascertain many 
points of interest, such as (1) the quality of the object-lessons in the 
Infant Schools ; (2) how far the proposed improvements in the teaching of 
geography are carried out in practice; (3) to what extent Elementary 
Science is taken up as a class-subject, and whether the teachers generally 
take it up as an introduction to the scientific specific subjects, or continue 
it as a class-subject throughout the school ; and, if so, whether they have 
adopted some fuller scheme than that suggested in the Second Schedule; 
{4) whether the discontinuance of the teaching of specific subjects in 
Standard IV. is really a gain or a loss to science. 

Your Committee, if reappointed, propose to obtain information on 
these points; and to draw the attention of the Council to any matters 
that may be necessary in connection with the working of the Code, or in 
respect of any future alterations. 


1 See Times, April 4, 1882. 
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Report of the Committee, consisting of Sir FREDERICK BRAMWELL 
(Secretary), Professor A. W. WILLIAMSON, Professor Sir WILLIAM 
THomson, Mr. St. Jonn VincENT Day, Dr. C. W. SrEMEns, Mr. C. 
W. MERRIFIELD, Dr. NeiLson Hancock, Mr. F. A. ABEL, Captain 
Dovucias Gatton, Mr. E. H. Carsutt, Mr. E. Macrory, Mr. H. 
TRUEMAN Woop, Mr. W. H. Bartow, and Mr. A. T. ATcuIson, 
appownted for the purpose of watching and reporting to the 
Council on Patent Legislation. 


Tae Committee have no actual progress in Patent Legislation to report. 
The Bill promised in the Queen’s Speech, and, as was stated by Mr. 
Chamberlain, to be prepared by the Board of Trade, was not even intro- 
duced. 

Two Bills for the reform of the Patent Law were brought in during 
the Session by private members. One of these was by Mr. Anderson, 
and was generally similar to the Bills brought in by the same gentleman 
in 1880 and in 1881 (see ‘B. A. Reports,’ 1880, p. 318, and 1881, p. 222), 
but contains one important alteration. It provides an examination into 
the novelty of the invention, with the object apparently of giving friendly 
advice to the patentee. Mr. Anderson has also materially modified in this 
year’s Bill the schedule of fees to be paid. This Bill was only read a first 
time. 

The second of the two Bills was the one prepared by the Society of 
Arts, and fully described in the last report of this Committee (see ‘B. A. 
Report,’ 1881, p. 222). It was introduced by Sir John Lubbock, Mr. 
W. H. Smith, and Mr. J. C. Lawrance, Q.C. It was read a first time on 
March 15, and a second time on April 28, Sir John Lubbock stating, on 
the latter occasion, that should the House assent to the second reading of 
the Bill, he would defer further action, in order to move that the Bill 
should be referred to the same Committee to which it was understood the 
Government Patent Bill, when introduced, would be referred. As above 
stated, the Government measure never saw the light at all, and conse- 
quently no further progress was made with the Society of Arts Bill. The 
Council of that Society announce in their annual report that they will 
endeavour to bring the Bill forward again next year. 

Most of the provisions of the Bill as introduced are identical with 
those of the original draft, an abstract of which was given in the report 
of this Committee last year. Consequent, however, upon the public dis- 
cussion of the Bill, the Society of Arts made certain alterations in some 
of their original proposals. The fees were slightly reduced, and the 
definition of ‘subject-matter’ was modified. The most important change, 
however, referred to the proposed method of trying Patent actions. The 
uew Court, which the Bill as first drafted set up for this purpose, dis- 
appeared from the Bill in its final shape, and in place of this provision was 
inserted one by which the Commissioners of Patents (to be appointed 
under the Bill) would be empowered to act as assessors, or as referees, 
or as arbitrators, under certain specified conditions. 

It may be worth noting that the Bill had the advantage of being 
introduced by the President of the Association, while the President-elect 
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(Dr. Siemens) is one of the Society of Arts Committee which prepared 
the Bill. 

The Committee request that they may be reappointed, and that the 
grant made to them in 1880 of 5/. may be renewed. 


Report of the Committee, consisting of Sir JOSEPH WHITWORTH, 
Dr. C. W. Siemens, Sir FREDERICK BRAMWELL, Mr. A. STROH, 
Mr. Beck, Mr. W. H. Preece, Mr. E. Crompton, Mr. E. Riaa, 
Mr. A. Le Neve Foster, Mr. Latimer Cuark, Mr. Buckney, and 
Mr. H. Trueman Woop (Secretary), appointed for the purpose 
of determining a Gauge for the manufacture of the various 
small screws used in Telegraphic and Electrical Apparatus, in 
Clockwork, and for other analogous purposes. 


1. Turis Committee was formed by the General Committee of the British 
Association assembled at York in August and September, 1881, for the 
purpose of determining a gauge for the manufacture of the various small 
screws used in telegraphic and electrical apparatus, in clockwork, and 
for other analogous purposes. 

2. At that meeting a paper was read by Mr. Preece pointing out the: 
desirability of establishing such a gauge. Although the Whitworth 
gauge is almost invariably adopted for the bolts and screws used in mill- 
work and engineering in England, no general system has been hitherto 
applied to the smaller screws used either in clockwork, philosophical in- 
strument work, or in the numerous practical applications of electricity 
that are now rapidly becoming soimportant. In fact, at the present time 
gauges and screw plates almost equal in number the makers engaged in 
the trade. One instance was brought to the attention of the Committee 
by a manufacturer who had to execute an order for railway signal appa- 
ratus in accordance with three sample instruments containing among 
them twenty-one screws of different threads, not one of which happened to 
be in use in his shop. There is now no recognised form of thread, no 
specified number of threads per inch—in fact, no generally accepted gauge 
based on practice and experience. Great inconvenience is felt in providing 
for repairs, which are in consequence more costly and less efficient. 

The employment of some coherent and uniform system is manifestly 
required. It not only would render repairs easier, speedier, and cheaper, 
but it would introduce interchangeability of parts, and further the exten- 
sion of piecework ; and it would reduce the equipment of workshops with 
special and costly tools. 

3. The subject of uniformity in screws has been very warmly taken 
up by the Société des Arts de Genéve, which appointed a Committee 
in December 1876, who after assiduous labours issued a report in 1878. 
The system proposed by them has been very fully described by Professor 
Thury in two pamphlets published in Geneva.' The Committee collected 
numerous screws of all sizes from many factories, measured them care- 


1 Systématique des vis Horlogéres, Geneva, 1878. Notice sur le Systeme des vis de 
la Filiere Suisse, Geneva, 1880. 
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fully, tabulated their several dimensions, and plotted the results by the 
ordinary method of linear co-ordinates. They determined the mathe- 
matical equations to curves that most closely corresponded with the 
ratios of diameter to pitch thus found to have been employed in practice, 
and adopted the one which most nearly represented the mean average 
proportions of the screws in use at various shops and in different countries. 

The Swiss Committee took 1 millimetre pitch as the basis of their 
system. It was agreed that such a pitch was best adapted to a screw 
having diameter of 6 millimetres. The form of thread adopted was 
triangular, the angle made by producing the two sides being approximately 
473°; the depth being 3 of the pitch, the top being rounded off by a 
radius + and the bottom by a radius } of the pitch. 

The Committee has had an opportunity of examining screw-plates and 
numerous packets of the corresponding screws manufactured on this 
system. 

The following table gives the pitches and diameters in millimetres 
and ‘ mils’! to two significant figures, and the number of threads per inch 
of all the screws comprised in the small screw series, which happens to 
cover the exact ground to which the attention of the Committee has been 
specially directed, namely, diameters below the }-inch. 


Table of Sniss Screns. 


Pitch Diameter 
NO. Threads per 
inch 
Mm. Mil Mm. Mil 
25 0-072 2°8 0°25 10 357 
24 0:080 31 0:29 11 323 
23 0-089 35 0°33 13 286 
22 0-098 39 0:3 15 256 
21 Oxtel 43 0-42 17 233 
20 012 4:8 0°48 19 208 
19 O14 5:3 0:54 21 189 
18 0715 5:9 0°62 24 170 
as 017 6°6 0-70 28 152 
16 0:19 is 0:79 31 137 
15 0-21 81 0:90 35 124 
14 0°23 9-0 1:00 40 111 
13 0:25 100 1:2 46 100 
12 0:28 ahs 11583 52 91 
11 O31 1.2- 1:5 59 83 
10 0°35 14: ety 67 71:4 
9 0:39 15: 1:9 76 66°7 
8 0:43 ie 2:2 86 58°8 
7 0:48 iLg- 2'5 97 52°6 
6 0°53 21: 2:8 111 47°6 
5 0:59 23: 3:2 126 43:5 
4 0°66 26° 3°6 142 38°5 
3 0-73 29° 4-1 162 34:5 
2 O81 32: 4-7 183 31:2 
1 0°90 35: 54 208 28°6 
0 1:00 39° 6-0 236 25°6 


coer a tl Ae CE ee ea oh wie 
1 The ‘ mil’ is the thousandth part of the British inch. 


ON A GAUGE FOR SMALL SCREWS. 313 


It is to be observed that the numbers by which the screws are desig- 
nated, given in the first column, are not arbitrary. Each pitch of the 
series is ;°,ths of that which succeeds rt in the table. 

Thus the several pitches are :— 


1 mm.; F rdtih wae mm,; 7.) mm. 0) ™™ 
Sum; 2)'mm; 2)'mo,. .. . 3) mm. 
This series may be expressed in the form :— 
MGPEO:OP 1 OOO Fi hy) Sew SO Oates ott hargdy 
whence itis at once evident that the designating number of a screw is the 
index of the power to which 0°9 must be raised in order to ascertain its 
exact pitch in millimetres. 

The method by which the relation between pitch and diameter is 
arrived at will be gathered from the following explanation :— 

Let D represent the diameter and P the pitch. Then, generally, 

DF CE) 

Evidently there can be no constant term, for when D = O, P must 
also=O. Moreover, D, practically cannot be a simple multiple of P, for 
experience has shown that small screws must have a less number of threads 
per diameter than large screws. 

Hence the formula will be of the form 

= Ee. - ‘ (2) 
where m and /; are constants to be determined. 

Since 1* is 1 whatever be the value of /, it follows that the coefficient 
m represents the value of D when Pis 1. The Swiss Committee agreed 
that the unit pitch (1 millimetre) should be adopted for the screw having 
a diameter of 6 millimetres; in other words they make m = 6. 

The value of & must be ascertained by trial. 

k = 1 would give a constant ratio, which we know is inadmissible. 

k = 2 will be found on trial to give a far too rapid decrease in the 
ratio of diameter to pitch. 

The several simple fractions between these limiting values were tried 
in succession, and the results obtained when using § were found to give 
results that best accord with practice and experience. 

Substituting the values thus arrived at in (2), the formula becomes 


6 
Dy OBA : : (3) 

The Swiss system is thus very complete, but there are reasons which 
prevent this Committee from recommending its adoption in its entirety. 

4, No one has done more to establish gauges of all kinds in England 
than Sir Joseph Whitworth. His classical paper on ‘ An uniform system 
of screw threads’ was communicated as far back as 1841 to the Institution 
of Civil Engineers. He had made an extensive collection of screw-bolts 
from the principal workshops throughout England, and the average thread 
was carefully measured for different diameters. The }, 4,1, and 14inches 
were selected and taken as the fixed points of a scale by which the inter- 
mediate sizes were regulated. The result is an admirable thread for the 
large iron bolts and screws used in fitting up steam-engines and other 
machinery. The angle made by the sides of this thread is 55°. One- 
sixth of the depth of the thread is rounded off from the top, and one- 
sixth from the bottom. The actual depth is rather more than three-fifths, 
and less than two-thirds, of the pitch. 
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The slow adoption of such an admirable system was perhaps due, 
in great measure, to the fact that it was put forward by an individual 
and not by an Association. <A single individual, however exalted his 
reputation, cannot secure that immediate and universal attention which 
is obtained by such an organisation as the British Association. The 
system of units of electrical measurements sanctioned by the Association 
obtained instant recognition, and has now, thanks to the Congress of 
Electricians held in Paris in October 1881, become universally accepted. 
It is hoped that the same result will follow the recommendations of this 
Committee. 

5. The question of the introduction of the metrical system occupied 
the serious consideration of the Committee, but, considering the fact that 
it is not generally adopted in engineering or manufacture in England, 
and that it is as yet little understood by our workmen, it was thought 
better to suggest no change in this direction. The Committee is not 
insensible to the simplicity of the metrical system and to its possible 
universality, nor to the fact of its gradual introduction in scientific circles ; 
but while the manufacturing interests are still wedded to the British inch 
and its multiples and sub-multiples, and while the British legal standard 
of length is still the yard, the Committee has felt it impossible to suggest 
a change which has little chance of adoption, and which might jeopardise 
the introduction of that with which they are more concerned—viz., a 
uniform screw-thread. 

Hence it was determined that the unit of length taken should be the 
‘mil,’ and that the decimal system should be adopted for expressing 
dimensions. 

6. The use of a screw is to draw together and to unite certain parts 
of apparatus in firm and intimate contact. To attain these ends a screw 
must facilitate the application of mechanical power to draw the parts 
together, and it must possess strength to hold them so; it must not in- 
terfere with the easy separation of these united parts when necessary ; 
it must possess durability—that is, it must be capable of repeated use 
without undue friction and without wear, otherwise it will speedily become 
loose and dangerous when frequently removed and restored. There has 
to be considered the pitch of the screw, its relation to the diameter of 
the bolt on which it is cut, the depth of the cut, and the form of the 
thread. The pitch primarily determines the power of the screw, for it 
determines, for each diameter, the angle of the inclined plane ; the depth 
determines the section of core left to resist shear or rupture; while the 
form of the thread determines the durability and efficiency, and deter- 
mines also the surface of thread to bear endway strain. 

7. The Committee have devoted very considerable attention to the 
pitch, form, and depth of screws, and they have compared together a 
large number of different kinds, some of which are in actual use, while 
others have only been suggested. They have, moreover, decided on re- 
commending the adoption of the Whitworth form of thread, not only 
because it is so well known, but because experience has proved it excellent 
and unsurpassed when employed for engineers’ bolts. The Committee, 
however, are not unanimous on all questions involved by this proposal, 
and as there are several points that require to be thoroughly sifted and 
tested, they ask to be reconstituted and to be allowed a small grant to put 
their proposal to the test of practice, and to have a few gauges con- 
structed for distribution or examination. 


—————— ee el 
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Report of the Committee, consisting of Mr. JAMES GLAISHER, Mr. C. 
W. MERRIFIELD, Sir FREDERICK BRAMWELL, Professor O. REYNOLDS, 
Professor W. CAWTHORNE UNWIN, Mr. RoGers FIELD, Mr. T. HAwKs- 
LEY, and Mr. A. T. Arcuison (Secretary), appointed to consider 
and report wpon the best means of ascertaining the effective Wind 
Pressures to which buildings and structures are exposed. 


Tue total pressure on small plane surfaces due to actual winds in high 
and exposed positions has to a great extent been ascertained with suffi- 
cient accuracy for engineering purposes, and the relation between the 
pressure and the velocity on flat plates is also known with accuracy 
enough to make the observations with velocity anemometers available in 
estimating the probable maximum pressure in such exposed positions as 
are chosen for the placing of anemometers. 

It must be assumed for the present at least, that for engineering 
purposes, pressures of 80 lbs. or even 90 lbs. per square foot on small 
surfaces have been correctly recorded in extremely exposed positions 
such as the Bidston Observatory, while pressures approaching the limit 
prescribed by the Board of Trade (56 lbs. per square foot), may possibly 
act on engineering structures in exposed positions. 

In applying these data to engineering structures the question arises 
whether their form, size, and exposure is so different from a thin ane- 
mometer plate that the effective pressures to which they are subject can- 
not be deduced from the latter. 

To answer this question inquiries on the following points appear 
necessary. 

i. The law of the distribution of the pressure of a fluid impinging on a 
surface. 

ii. What is the relation of the direct front pressure and the negative 
pressure produced by the formation of a partial vacuum behind the plate 
due to the gradual curvature of the fluid stream lines in passing an 
obstacle. 

iii. What is the law of variation of pressure with increase of area of 
surface. 

iv. What is the law of variation of pressure with increase of elevation 
above the ground surface. 

v. How far the form of actual engineering structures diminishes the 
front or back pressure which would be experienced by a flat plate similarly 

laced. 
4 There seems reason to believe that the maximum direct pressure on a 


Bh PTT : ; |. Gv? d 
surface due to fluid impinging on it at a velocity v is “Se when G is the 


weight of a cubic unit of the fluid. From the point where the pressure 
is greatest the intensity must diminish towards the.edges, where it may 
possibly even become negative (or less than the barometric pressure), 
but the law of variation is almost entirely unknown, and requires investi- 
gation by direct experiment. 

Further, the total pressure registered by an anemometer plate is made 
up of the direct pressure which, from what has been said above, cannot 


2 
exceed the area multiplied by Gs, and a negative pressure at the back 
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of the plate the whole amount of which is imperfectly known, and about 
the distribution of which nothing has yet been ascertained. 
The total observed pressure on a thin plate of small size is somewhere 


2 2 
in value between 1:4 G ae and 2G a where A is the area of the plate, 


which appears to show (1) that on a small plate the variation of pressure 
is not very great, and (2) that the negative pressure approaches to at last 
one-half the front pressure. 

The Committee consider that observations might usefully be made to 
throw light upon some of these points, and they suggest that as with the 
velocities under consideration, the pressures of air in motion probably 
follow approximately the laws of the pressure of water in motion, experi- 
ments should first be made in running water. 

A steady flowing river affords a current of fluid moving with fairly 
uniform motion at a definite and readily measurable velocity, while the 
pressures of a stream of water are much more easily measured than those 
of an air current. Hence the determination of the pressures at different 
points of the front and back of a plate immersed in a river could be easily 
made, and would establish the law of distribution applicable to any fluid, 
to wind as well as water. 

Further, the influence of the form of the obstacle on the pressure 
produced by the stream could be readily determined, the extent to which 
one body would be sheltered by another placed at various distances above 
it could be observed, and the total pressures on such structures as a 
girder or a pair of girders placed a short distance apart at right angles to 
the stream could be measured. 

Respecting the law of the variation of pressure with increase of area, 
the older French experiments give conflicting results, the pressure in 
some cases being found to increase more rapidly and in others less rapidly 
than the area, while White, by a comparison of the observed and calcu- 
lated heel of ships under sail, has arrived at the conclusion that the 
former is the case. As to experiments on this point we have no recom- 
mendation to make, but we believe that the observations now beiag 
carried on with a pressure plate of 300 square feet in area by Messrs. 
Fowler and Baker, at the site of the proposed Forth Bridge, will give 
much useful information. 

As to the increase of pressure at different elevations above the surface 
of the ground, which is of special importance in the consideration of 
engineering structures, we recommend that experiments should be made 
by placing anemometers at various heights, supported by a lofty chimney 
or other isolated structure. 

It would appear of the highest importance to engineers that some data 
should be available to enable them to determine the influence of the 
exposure of a structure. 

As in the design of marine works the depth of water and the length 
of fetch enable some estimate to be made of the strength of structure 
required to withstand the heaviest seas to which they may be exposed, so 
2, careful comparison of the wind pressures observed during the height of a 
gale at various stations where anemometers exist with any standard within 
the track of the gale, would enable some estimate of the relative exposure 
of similar places to be made. 

Exceptionally high gusts of short duration should be excluded from 
the comparison, as being probably limited in area. 
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On the Boiling Points and Vapour Tension of Mercury, of Sulphur, 
and of some Compounds of Carbon, determined by means of the 
Hydrogen Thermometer. By Professor J. M. CrarFts. 


[A communication ordered by the General Committee to be printed in extenso among 
the Reports. ] 


A HYDROGEN thermometer, in preference to an air thermometer, was 
adopted, because the more rapid flow of hydrogen through a capillary 
tube permits the use of one of smaller dimensions than when air is taken. 
A new form of constant-volume thermometer was used, in which an 
electric contact between the mercury in the manometer and a platinum 
point causes a current to excite a magnet, and close a cock to arrest 
the flow of mercury into the manometer tube at the moment that the 
gas attains a fixed volume, determined by the surface of the mercury 
touching the platinum point. 

The advantages secured by the system are the reduction of the obser- 
vations of the mercury level to one, instead of two; the possibility of 
diminishing the size of thermometer bulb from 200-500 ce. to 1-10 ee. ; 
and the rapidity of action due to the automatic movement of the 
instrument. 

The calculation of results has been facilitated by the compilation of 
an extended series of tables. 

The boiling point of mercury was redetermined with an apparatus 
similar to that used for taking the boiling point of water; and the chief 
causes of error, which Regnault noticed regarding his own experiments, 
have been removed. It is proposed to use boiling mercury, like water, to 
fix an additional fundamental point in thermometry. 

Mercury boils at 357:0 under a barometric pressure of 760 millimetres. 

Sulphur boils at about one degree lower than the temperature given 
by Regnault, and can be used to fix temperatures near 444°, 

Two other substances were found well adapted to obtain constant 
temperatures near 200 and 300 Centigrade, and the means of purifying 
them were carefully studied. Naphthaline, when pure enough to melt at 
79'6-79°9, does not vary more than 0:1° from the boiling point 218°06, 
bar. 760° mm. Benzophenone prepared by the action of oxychloride of 
carbon upon pure benzine in the presence of chloride of aluminium, when 
pure enough to melt at 47°-7-48°-0, boils at 306°1, bar. 760 mm. 

The boiling points of these two substances were determined under 
pressures varying from 87 to 2,300 mm., giving a series of temperatures 
that can be easily established and maintained for any length of time. 
The range of temperature is from 140° to 350°. 

It is very probable that benzine may also be easily obtained with a 
perfectly fixed boiling point, and it is intended to study the properties of 
benzine purified by fractional crystallisations on a large scale. When per- 
fectly pure fragments of solidified benzine are allowed to melt with the 
precautions usual in a zero-point determination, a delicate thermometer 
only sinks from 5°17 to 5°16 during the fusion. The product studied by 
Regnault melted at 4:45, and was impure. 

The boiling points of the following carbon compounds are grouped to: 
show that some of these experiments point to the conclusion that succes- 
sive, similar, additions to the molecular weight do not cause the boiling 
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points to rise by a constant quantity, as supposed by Kopp, but that in a 
large number of cases the increments to the boiling temperatures diminish 
by a constant amount. Where such a series has been established the 
three columns of the tables contain, respectively, the boiling points for 
a barometric pressure of about 725 mm., the differences between. these 
numbers, and the nearly constant diminution of the differences. 


Bar. 725 mm. Boiling point ist difference 2nd difference 
Toluine,CH,C,H; . . . aoa? 
153° 
Diphenyl methane, CH, (C,H;). me 2ooaet Ge . . - 64° 
89° 
Triphenyl methane, CH (C,H;),; . SODLCE os P < - 64°? 
25°72 
*Tetraphenyl methane, C(C,H;), . esto: 
Bar. 775 mm. Boiling point 
Hydrocarbon from Toluene red, C,,H.9 . . - 360°-363° 
Hydrocarbon from Xylidine red, C,,H.» - 5 ‘ Sir 
Bar. 717 mm. Boiling point Ist difference 2nd difference 
Benzine, C,H, . 7 . F ° ya oe 
173°°5 
Diphenyl, C,H, C,H, . - sabe - - + 46°95 
127°? 
*Diphenyl benzine,? C,H, (C;H;).? . SOLOS, : é » 46°5 
80°3 
Triphenyl benzine, C;H, (C;H;), . ~ 459°3 
Bar. 725 mm. Boiling point Ist difference 2nd difference 
Benzine, C,H, : ° - ° oe Oe '5 
137°'5 
Naphthaline, C,,H, . : ° 5 «EEL O Oe this ° ton Ele e 
119° 
Phenanthrene, C,,H,, . 5 - - oD" oqayEgr 
101%5 
Chrysine, C,,H,, - ° ‘ F . 436°5 . : gre 8° 
83°°5 


Picine, C,.H,, - . : . . me 


Pyrine (Phenyline Naphthaline), bar, 723°7 mm., boiling point 391°8 
Anthracine, C,,H,,, bar. 721°6 mm., boiling point 341° 
Anthraquinone, C,,H,0., bar. 723-5 mm., boiling point 374° 


*The boiling points of tetraphenyl methane and of diphenyl benzine 
are hypothetical ; these bodies have not been studied. 


Benzophenine, CO (C,H;)., bar. 720 mm., boils 303°5 
Difference 73° 
Sulphobenzide, SO, (C,H;)., bar. 720 mm., boils 376°-5 
Monochlorated sulphobenzide SO,, C,H,, C,H,Cl, bar. 719 mm., boils 389° 
Sulphotoluide, SO, (C,H,),, bar. 714 mm., boils 405° 
Durol ketone, CO (C,,H,,)., bar. 724 mm., boils 342°-343° 
' Phenyline sulphide (C,H,S)., bar. 716°8 mm., boils 358°8 
Carbazol, bar. 730°8 mm., boils 350° 
Base from Anthracine blue, bar. 724 mm., boils 445°°5 
Phenyl naphthyl amine, NH (C,,H,) (C,H;), bar. 720 mm., boils 395°'5 
Hexa-methyl benzine, C (CH,),, bar. 752, boils 262°-2-264°°4 


Novte.—The above communication is little more than an abstract of that made 
by the author, by word of mouth, at the meeting of the Association, as, from unavoid- 
able circumstances, he has been unable to prepare the whole of his manuscript 
for publication in time for the present volume. 
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On the Method of Harmonic Analysis used in deducing the Nu- 
merical Values of the Tides of long period, and on a Misprint 
in the Tidal Report for 1872. By G. H. Darwin, W.A., FBS. 


[A communication ordered by the General Committee to be printed in ewtenso among 
the Reports. | 


I wave recently been carrying out a laborious reduction by the method of 
Least Squares of the observations of the tides of long period at a number 
of stations. The results, which seem to have an important bearing on 
the question of the rigidity of the earth’s mass, will appear as § 848 in the 
new edition of Thomson and Tait’s ‘ Natural Philosophy,’ now in the 
Tess. 

, Subsequently to the completion of the calculations Professor J. C. 
Adams discovered a misprint in the Tidal Report of 1872, which forms 
the basis for the method of harmonic analysis which has been applied to 
the tidal observations. 

On inquiring of Mr. Roberts, who has superintended the original 
computations, Professor Adams learnt that the erroneous formula has 
been used in all the reductions of the long-period tides. 

It now therefore becomes necessary to investigate the amount of 
error which may have been incurred. 

The erroneous formula occurs near the middle of page 371 of the 
‘Report of the British Association’ for 1872, in the instructions for 
clearing the diurnal means from the influence of the short-period tides; 
in the first of the two formule for that purpose, the factor, sin 12n/sin 4n, 
should obviously be replaced by sin 24n/sin x. 

I shall now therefore go over the process of clearing, shall evaluate 
the effect of non-clearance, and shall indicate what I conceive to be im- 
provements in the method of the Tidal Report. 

On any day, the height of water above the datum line is measured at 
Qh, 15, 2h... . 24h; then the mean height of water for that day may 
be taken as jth of the sum of the 25 heights less the mean of the 
heights at 0 and 24", In the Report the instruction is to take th of 
the sum of the heights at 06,15... . 23". At the time that I wrote 
this paper I conceived this to be less accurate than the method here 
suggested. But after conversation with Sir William Thomson, I per- 
ceive that the rule of the Report is just a shade more accurate than that 
here suggested. If, however, it were practically more convenient to find 
the heights of the tides of short periods at each midnight (see below) 
instead of at 11.30, then the rule here given would be practically prefer- 
able. As the computations in this paper have been made from the rule 
as here suggested, I leave the analysis in the form in which it stood 
originally. 

We wish to find how much this diurnal mean is influenced by a short- 
period tide, for which the expression is R cos (nt—e). 

Now let ¢, be the time at 0» of the day in question, measured from 
the epoch when ¢ = 0. 

The uncleared daily mean has obviously involved 


de R{ hoo ee Picante ches bt cies 
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+ cos [n(t, + 23) —€] + Loos [n(t, + 24) — J} 


= 4B] = ie * cos [n(t, + 12) — €] 


1 
sin 3? 


3 cos [nt, — «] — 3 cos [n(t, + 24) — €] \ 


Ses 479 Se 12: n 
ot (oer ; COs [n(t, + 12) — «] 

[The formula derived from ire rule in the Report has sin }n in place of 
tan $n, and ¢, + 114 in place of ¢, + 12.] 

If 04 is noon, then f, + 12 is ‘midnight of the day in question. The 
speed 7 is een y given in degrees per m.s. hour; but if we write v for 
24m, and r for 3; (4, + 12), so that y is the speed in "degrees per m.s. day, 
and 7 the time in days from the epoch up to the first midnight in the 
year, then n(f, + 12) v7. The corresponding term for successive days 
is to be found by writing 7 +1,7+2,... forr. If, then, we wish to 
clear the daily mean from the nenEe arising from the tide of speed n, 
it is obvious that we must subtract 4 R sin 12n cot $n cos [v(r + i) — af 
from the diurnal mean Adena to the (¢ + T)th day. The same 
should be done for each short-period tide, which experience shows may 
exercise a sensible effect on the result. But in the present instance we 
have to trace the results of non-clearance. 

The next step is to find the mean height of water for the whole year. 
There are altogether 365 x 24+ 1 heights given, being those at each 
hour from 0" of day 1 to 24" of day 365. The proper mean is —1 
of the sum of the 365 x 24+ 1 heights less the mean of the heights 
at OF of day 1 and 24" of day 365. From the manner in which the 
diurnal means were formed this is clearly =}, of the sum of the diurnal 
means. 

Now when there is no clearance, it was shown above that the diurnal 
mean for the (i + 1)th day contains the undue term :— 


jp RoE a4 cos [(r + i) — €] 


And therefore the annual mean contains the undue term :— 


eee sin 12” sin 182» cos [r(r + 182) —«] 


365 x24 " tan in sin $y 


Since 12 is identical with 47, sin 12” divides out with sin dy, and 
the result is exactly what we should have found if the mean had been ob- 
tained by considering the series of hourly values throughout the year, with 
attention to the rule of only taking a half of the first and last terms. 
This is obviously correct. 

It will be shown below how much this improper term in the expression 
for mean water will affect the result. 

The next step is to find how much the diurnal means depart from 
mean water; these differences are then to be the subject of harmonic 
analysis for the purpose of extracting the long-period tides. 

Each diurnal mean is subtracted from the annual mean, leaving resi- 
duals dh. For the (i + 1) midnight the undue term in ¢h is clearly 
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1 psin 12n f 


- sin 1827 
3s" tan $n 


sts “Ee cos [v(r +182) —¢] — cos [v(r +i) —e] }. 
Then unless 4y differs by an exceedingly small amount from 180° or 360°, 
the first of these terms within { } is small compared with the second, 
except for those terms (if any) in which v(7 + 7) — « is very nearly equal 
to 90° or 270°, whilst »(r + 182) — « is nearly equal to zero or 180°. 
Even in the case of the K tides, in which the diurnal speeds are 
respectively 360° 59’ 8”, and 721° 58’ 16”, the coefficient of the first term 
is small, being respectively 00339 and ‘00540 for the two K tides. 
Hence the improper term in the residual ¢h; is to a close degree of ap- 
proximation. 
Sip sin 12” 
ae Han $n 


cos[1(r + 7) —«] 


The ch’s have now to be submitted to harmonic analysis for extracting 
the long-period tides, but as the values of dh are given discontinuously 
for each midnight, the continuous integrals, which arise in such analysis, 
are replaced by finite integrais. 

It is now assumed that 


oh = X[A cos Xr + B sin Ar] 


Where & denotes summation for all the values of \, which the theoretical 
development of the tide-generating potential, or other ¢onsiderations 
indicate as likely to give sensible results. In the tidal report there are 
five values of A, namely 26, o — a, 2(¢ — n), 2n, n. I here suppose X to 
be expressed in degrees per m.s. day. 

Now let \, be the speed of the special long-period tide for which we 
are searching ; and A,, B, the amplitudes of the components which it is 
required to evaluate. Then 


; ch cos \\r =4 A,(1 + cos 2dyr) + 4 B, sin 2d,r 
+ [A cos\7 cos A,r + B sin Xz cos Ay] 


éhsin \\yr = 4 B,(1 — cos 2dyr) + 4A, sin 2dr 
+ 3[A cos dr sin \,;7 + B sin Az sin Ayr] 


Where = denotes summation for all values of \ except ,. By means 
of the known numerical value of \,, cos \,(r + 7) and sin A,(7 + 7) may 
be computed for every midnight in the year, and the results multiplied by 
the corresponding ¢ch;, whether cleared or uncleared of undue influence. 


i= 364 
Now if we form & ¢h; cos [A,(+ + 7) ], it is obvious that A, will be 
= 6 


multiplied by a coefficient differing but little from 183, and that the 
coefficient of DB), and all the other coefficients of the A’s and B's, will be 


t= 
= 


(es 
small. Similarly, the coefficient of B, in = ah, sin [A,(r + 7)] wiil be 
0 


nearly 183, and all the other coefficients small. Proceeding in the same 
way with each long-period tide we shall obtain twice as many equations 
as there are long-period tides, in each of which there is one unknown 
A or B with a coefficient nearly equal to 183. These equations may be 
solved by successive approximation, and the two components of each tide 
evaluated. 

We must now trace the undue term through this process. 

1882. x 
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The undue term in the equation in which A, has the large co- 
efficient is 
oat sin 12n : , 
2 oa Lt son cos [v(r + 7) — €] cos Ay(r + 7) 
Omitting the factor — ;, RF sin 12n cot dn, and dropping the suffix 1 to), 
this becomes 

t= 364 
Lie [cos [(v +A)(7 +7) —e] + cos[(v —A)(7 + 7%) — a 
sin 1824(» + d) 
= "an eek) cos [(v + A) (r + 182) —«] 


sin 1824(7 — d) 
sine cos [(v — A) (7 + 182) — «] 


Supposing the observations to begin at noon of January 1, 7 + 182 is 
midnight of civil time of July 1-2, which time we may call t. 

This expression, multiplied by — ~5 & sin 12n cot 4n, gives the undue 
term due to the short tide of speed n. The maximum possible effect then 
occurs when 

(vy +A) t —« = 0°, or a multiple of 360° 
(v —A) t —e = 0°, or a multiple of 180° 
and then the effect is 


sin 12n f sin 1824(7 +2) _ sin 1824(v — A) 
1k 
eke ig ed = ae 
tan 5” sin $(v + A) sin $(v — A) 
the alternative sign being so chosen that the two terms within { } add 
together. 

Now in the special equation which we are considering, the coefficient 
of A, is nearly 183, and all the other coefficients of A’s and ’s are small. 
Hence an approximate value for the part of A, which arises from the 
influence of the short-tide » on the long-tide \, when at its maximum 
is, without regard to sign, 


: sin 12n { sin 18214(y + dr) on sin 1823(» — 2d) 
so Bed ema (2h WeO sin3(yv+A) ~~ sind(v—A) 

The same result arises from the discussion of the equation in which B, 

has the large coefficient. 

There is one case in which this formula fails, and as that case actually 
arises in the harmonic analysis of the long-period tides, it must be con- 
sidered in detail. If either }(v + A) or 4(7 — A) is an exact multiple of 
180° the formula becomes indeterminate. 

Suppose, for example, that v + \ = 2rz, then 


cos[(v +A) (r +7) — €] =cos[(v +A) 7 — «] and 
[eos Para) ed) Zhe aloes pew sens J] 


sin 1823 (vy — dX) 
sin 4 (v — d) 


365 cost cee] + cos[ (vy — d) (7 + 182)—e] 


We thus see that when 3(y + A) is a multiple of 180°, we must interpret 
the indeterminate expression sin 1824(y + d)/sin}(v + A) as being equal 
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to 365. By aid of this rule the formula for undue influence becomes 
universally applicable. 

The manner in which this inconvenient result is brought about is 
curious. 

The finite integrals 3, which arise in the harmonic analysis; are of 
course the representatives of the integrals which arise in the analysis of 
continuous functions. In general, the distinction between = and / would 
be quite insensible. 


fae oe FSi sin[3644(» +d) — €] \ 
Now [eos Ar cos(At —e)dr = 2(v +X) { + sin[4(v + A) 4+ €] 


1 riers —r) —«] 
a7 — a) l + sinfhOr — d) + €] 


If 3(v +A) be 360° the corresponding term within { } vanishes. It 
would seem therefore at first sight, that the result of the finite integral, in 
which the term becomes large instead of vanishing, must be erroneous. 

The discrepancy enters in the assumption practically made in the 
treatment through diurnal means, that because the long-period tide 
varies slowly it is sufficiently accurate to estimate its height only once 
in the twenty-four hours.! 


364 
The expression = 6h; cos \(r + 7) is of course intended to be, and in 
0 
Jj = 365 x 24 
general is, a sufficiently close approximation to 3 ch’; cos J; A(t +9), 
Scie 
where j is the number of m.s. hours since 0® of day 1, and ¢h’; is the 
departure from mean water at the jth hour, and where we take a half of 
the first and last terms. The term due to the tide m in 6h’; is of course 
Reos {n(t + j) — «]. Then if we effect the summations involved in this 
expression, we shall find that one of the two terms vanishes when 
3(A + v) = 360°, just as it does in the continuous integral. 

It follows therefore that the method by diurnal means leads to a 
considerably different result from that by hourly values, or by con- 
tinuous integration. This does not constitute a reason for discarding 
the method of diurnal means in these special cases, but it is necessary to 
pay careful attention to the terms introduced in that process. 

The five long-period tides for which the harmonic analysis has been 
practically carried out are those of speeds 20, ¢ — a, 20 — 2Qn, 2n, n. 
We have to consider what values of n added to or subtracted from these 
speeds will give resulting speeds of y — n or 2y — 2n, that is to say of 
15° or 30° per m.s. hour. 

The accompanying schedule gives the values of (7) which give these 
results. 

Amongst the resulting speeds there are only a few which correspond 
with actually existing sensible short-period tides. These are marked in 


' The point of view from which I here regard the problem of clearing the daily 
means is, as I learn from Sir William Thomson, somewhat different from that sup- 
posed to be adopted in the Tidal Report. It is there supposed that the results of 
the previous harmonic analysis for the tides of short period are utilised to subtract 
the tide of short period from every hourly value of the height of water, but instead 
of making twenty-four subtractions for each day, a twenty-fourth part of the sum of 
the quantities to be subtracted is taken from the diurnal mean. From this point of 
view a result practically identical with that in the text may be obtained. 
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the schedule with an asterisk, and with the initial letter by which the 
tide is denoted in the Tidal Reports. 


Tape I. 
Speed or 2. Theoretical values of x or 1y. 
: if y—-—n + 20 2y — 2n + 20 
Fortnightly (2c) . =a Ero ape Qy — 2n — 20 
Me Sa ah a ec ee 
Elliptic Monthly («—w) ai y—-n7 —-o1+1W *2y —2n — o + w(A) 
oe ee + 20 — 3m 2y + 20 — 4n 
Synodic Fortnightly 2 (¢ — 7) { é — 2c 4. 7 oy — Qo (M) 
ay Bl «3 7ten ay (K) 
| Semiannual (27) . Sy. y — 3n 2y — 4n 
K) *Qy — 9 (R) 
" 1 sel ay ( u 
nnual (7) \}| *y—2n (P) *2Qy — 3n @&) 


The fortnightly tide is free from the cumulative influence arising from 
the method of diurnal means. But as we shall see below, the elliptic 
monthly tide is sensibly altered by this cause. 

The synodic fortnightly is affected in this way by the principal lunar 
semidiurnal tide, and the semiannual by a much less important semi- 
diurral tide. The annual tide may apparently be much influenced, since 
all four speeds actually exist as sensible tides, but the numerical compu- 
tation made below seems to show that the resulting influence is not 
large. 

In the Report of 1872 it is stated that the only tides which are found 
practically to have a sensible effect, so that the diurnal means have to be 
purified from their effects, are the semidiurnal M or 2y — 2c, the semi- 
diurnal N or 2y — 30 4+ a, and the diurnal O or y—2c. I have there- 
fore computed the following tables, giving superior limits to the undue 
influence on the height of mean water for the year, and on the height of 
the five long-period tides. In the case of the synodic fortnightly tide, 
the cumulative influence arises which has just been discussed. 

The numerical values of the speeds are taken from the Tidal Reports, 
and substituted in the formule given above. 

First, for the effect on mean watermark, the superior limit is 
Rh———,, sin 182 y cot $n. 

The following are the computed values of this coefficient of J? :— 


Taste II. 
From tide M ; ; fi ; : 5 . °000392 
From tide N * . < ; 3 4 ‘ . ‘000188 
From tide O 5 Ns ‘ i 4 ; ‘ » “000834 


The following is a numerical example illustrative of the practical 
result. At Liverpool in 1857-8, the values of E for the M, N, O tides 
were respectively 9°6745, 18608, 0:4410 in British feet ; and for 1869-70 
they were 10°1443, 1:897, 0:3314, 


pr atle 
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Therefore supposing the phases in those years to have been such as 
to make the result a maximum, the following would have been the errors 
in the height of mean water :— 


Tape III. 
1857-8 1869-70 
Feet Feet 
From tide M i P . 0:00379 : ‘ - 0:00398 
From tide N x ‘ - 000035 ‘ * . 0:00036 
From tide O 3 R . 0:00037 5 ; . 0:00027 
Totala 4 .» 000451 rr ‘ . 0:00461 


We thus see that the effect of working with unpurified diurnal means 
would be small, although sensible. 
I next go on to compute the value of the coefficient 


, sin 12.” f sin 1823 (y +), sin 1822 (+, — 2) \ 


1Ssx*x4s tan dn sin 4 (» +A) sin 4 (vy —\)) 


for the combinations of the M, N, O tides with the five long tides. In 
computing the factor arising from the influence of the M tide on the lunar 
synodic fortnightly, we must remember that sin 182} (vy + d) /.sind(» +A), 
which becomes %, is equal to 365. 


Tasty IV. 
| 2o o-wW 2a0—2n 2 n 
(M) 27-26 “000235 “000969 “034175 “000683 “000679 
(N)27-—30+0 -001278 -000736 ‘001120 -000094 *000094 
(O)y—2¢ ‘000508 001969 000525 001440 “001446 


At the intersection of any column and row is found the factor corre- 
sponding to the maximum undue influence of the short tide on the long. 
For example, the effect of the M tide (2y — 2c) on the synodic fort- 
nightly tide (2c — 2n) may be as great as ‘034175 of the semi-range It of 
the M tide. 

Applying these factors to the cases of Liverpool, as quoted above, in 
1857-8 and 1869-70; that is to say, multiplying the M row by 9°6745 and 
10°1443, the N row by 1°8608 and 1°8917, and the O row by °4410 and 
"3314, we get the following superior limits, expressed in feet, to the undue 
influence on the semi-range F& of the several long-period tides :— 


TaBLe V 
Qo o-@ 20 — 2y 2n 7 
Feet Feet Feet Feet Feet. 
1857-8 00488 “01160 33093 00742 00738 
1869-70 00497 01187 34897 00757 ‘00753 


Having regard to the values of the long tides, as given in the results 
of the harmonic analysis of the tides in the Reports and the Indian Tide 
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Tables, we see that in the case of the synodic fortnightly the results 
of undue influence are very serious, and improper purification of daily 
means will have rendered the results utterly worthless. The value of 
the monthly elliptic tide may be very perceptibly affected by the M, N, O 
tides, but the values of the fortnightly, semiannual, and annual tides will 
not have been very considerably altered. M, N, O are, however, only 
three of the tides exercising influence, and it will be shown below that 
the monthly elliptic tide may be further affected. 

The other tides, whose effects it is well to consider, are those in which 
3(v +A) is a multiple of 180°, for, as shown above, in these cases the 
method of procedure by diurnal means leads to a cumulative influence. 

Referring back to Table I. we see that the following are the cases 
of this peculiar influence: (1) the semidiurnal A tide on the elliptic 
monthly ; (2) the semidiurnal M tide on the synodic fortnightly (already 
considered); (5) the semidiurnal K tide on the semiannual; (4) the 
diurnal K and P tides, and the semidiurnal R and T tides on the annual 
tide. 

A rough approximation will suffice in these cases, and this may be 
made by only paying attention to that one of the two terms representing 
undue influence, in which there occurs the indeterminate expression %. 
It has already been shown that % is here equal to 365. Then remember- 
ing that the 183 in the denominator of the expression for undue influence » 
is itself approximate, and may be treated as a half of 365, we see that 
the required expression is simply 


zy sin 12n cot 3n. 


The numerical values of , the speed in degrees per m.s. hour, for the 
A, K, K, R, T tides will be found in the Report for 1876. 

From these we may compute ,'; sin 1227 cot4n. Then, as a numerical 
example we may take the corresponding semi-ranges F# for the A, K, K, R, T 
tides for Liverpool in the years 1857-8 and 1869-70, and assuming that 
the phases in those years were such as to make the influence a maxi- 
mum, we may compute the maximum influence. The results of these 
calculations are embodied in the following Table VI. 


Taste VI. 
Semi-ranges in feet of Maximum undue 
itt 1p the short tides at influence at Liverpool 
Influenceiof. 3 tai hi Liverpool in feet 
1857-8 1869-70 1857-8 1869-70 
the short tide A on the ) : Eaita rae : Rea 
elliptic monthly s 01803 4091 1913 00738 00335 
the short tide K Crem; | 
diur.) on the semi- 00266 1:1850 "7882 ‘00316 “00210 
annual 
“N09 A ze 
the short tides K by Sonne ee one 
(diurn.), P, R, T on: a ; 00204 -- 


(R)-00136 | +1006 oh 


the annual (T) 00136 3490 —_— 
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From these results we see that the effect of non-clearance of daily 
means may be quite sensible, although not important. The elliptic 
monthly tide suffers most, as it did in the results given in Table V., and 
it seems to follow, from the nature of the mistake which has been made 
in the reductions, that the values of the elliptic monthly tide assigned in 
the various reports may be quite sensibly in error. 

It appears from Mr. Roberts’ letter in answer to Professor Adams, 
that the purification of diurnal means has been correctly carried out as 
regards the diurnal tides, but incorrectly as regards the ooh 
In. fact, if n be the speed per hour of a semidiurnal tide, sin 12 n/sin}n 
has the opposite sign from sin 6z/sin 1n (which is the factor which has 
actually been used), and therefore the corrections arising from the semi- 
diurnal tides have been applied with the wrong signs. 

We may conclude from the preceding discussion that the values 
deduced for the fortnightly, semiannual, and annual tides are not 
seriously vitiated ; those for the monthly elliptic tide may be sensibly 
affected ; and that for the synodic fortnightly is utterly worthless. 

Although I have not seen the actual computations for reducing the 
long tides, yet it appears certain that the process of clearing the diurnal 
means must be very laborious. The preceding analysis shows that it is 
perfectly practicable to work with uncleared daily means up to the last 
stage, in which the final equations for the A’s and b’s are formed, and 
the proper corrections may be then applied. The numerical coefficients 


, sin 12” sin 1824(y + 2) , sin 12n sin 1823(v — 2) 
2¢ 1 5 , and rs 1 . - ? 
tandn sin $(v + A) “* tangn sind(v —d) 


may be computed once for all, for the influence of each short tide on each 
long tide. 

Then »(7 + 182) — « is the phase of the short tide at midnight, July 
1-2, and if time is measured from noon or 0 of January 1, 7 is $ and 
X x 1824 may be computed once for all for each long tide. 

Thus the greater part of the materials for the corrections may be kept 
ready to hand, and the corrections from even four of five tides may be 
applied very quickly. 

The practical recommendation for future operations which I have to 
make is, that the clearance should not be eftected for each day’s mean, 
but only in the final equations. 


List of Works on the Geology and Paleontology of Oxfordshire, 
of Berkshire, and of Buckinghamshire. By WiLL14AM WHITAKER 
meA., IGS. 


[A communication ordered by the General Committee to be printed in extenso 
among the Reports. ] 


1. PREFATORY NOTE. 


This is a continuation of the County or District Lists, of which a 
Catalogue was given at the head of the Welsh List in the Report for 
1880 (p. 397). The only additions since made (except the reprints of 
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Cambridgeshire and Nottinghamshire therein noticed) being as fol- 
lows :— 

Cuesnire. Reprinted, with additions, in the Geological Survey Memoir 
on sheet 80, S.W., pp. 40-52. 

Cumpertanp. Trans. Cumberland Assoc. (now printing). 

Norrotk. By W. Wuiraxer and H. B. Woopwarp, pp. 171-204 of 
‘The Geology of the Country around Norwich,’ 1882 [wrongly dated 
1881]. Geological Survey Memoir. 

In the List now brought forward the same plan has been pursued as 
in that for Wales. 

The Oxfordshire List has been taken first of the three counties, as 
probably of the most interest (in view of the proposed British Association 
Meeting of 1883).! Works already entered under that county are not 
again entered under the others, but referred to by their numbers, except 
in the case of some Geological Survey maps, of which it is convenient to 
note the parts that refer to each county. In like way works entered 


under Berks are referred to by number under Bucks. 
Perhaps some of the general works noticed in the London Basin List 


(Geological Survey Memoirs, vol. iv.) 


may refer to these counties, besides 


those now included (see Nos. 13, 46, 55, 57, and 198 of that List). 


2. INDEX OF AUTHORS, WITH THE NUMBERS PREFIXED 
TO THE TITLES OF THEIR WORKS. 


Adams, Rey. J. 211, 218 

Agassiz, Prof. 52 

Anon. 32, 45, 111, 139, 180, 182, 229, 232, 
259 

Aveline, W. T. 158, 159 


Badcock, -— 103 

Baker, H. 25 

Bauerman, H. 2, 6, 159, 221, 223, 225, 226 

Beesley, T. 152 

Beke, Dr. 170 

Bennett, F. J. 221 

Blainville, H. D. de, 56, 58 

Blake, C. C. 113 

Blake, J. H. 1, 221 

Bourne, J. C. 185 

Bowerbank, J. 8. 70 

Brande, Prof. W. T. 177 

Bravender, J. 132 

Brewer, D. J. 166 

Bristow, H. B. 13, 158, 164 

Brockbank, W. 128 

Broderip, W. J. 48 

Brodie, Rev. P. B. 69, 133, 235, 236 

Brongniart, A. 73 

Buckland, Prof, W. 36, 39, 40,52, 57, 172, 
234 

Buckman, Prof. J. 69 

Butler, A, G. 153 


Carruthers, W. 134, 140, 149 

Church, Prof. A. H. 114 

Claypole, Prof. E. W. 214 

Clutterbuck, Rev. J. C. 104, 115, 125, 200 
Codrington, T. 122, 204 

Collet, Dr. J. 167 

Conybeare, Rev. W. D. 37, 50 


Dakyns, J. R. 226 

Daubeny, Dr. C. 54, 67 

Davidson, I’. 75 

Dennis, Rev. J. B. P. 89 

Douglas, Rev. J. 28 

Duncan, Prof. P. M. 136, 209, 210, 212, 213 


Egerton, Sir P. De M. G. 65 
Etheridge, R. 20 

Evans, C. 206 

ve, H. W. 215 


Faithfull, — 215 
Fitton, Dr. W. H. 41, 49, 53 
Forbes, Prof. E. 183 


Gaudry, A. 81 


Godwin-Austen, R. A. C. 187 

Green, Prof. A. H. 7, 8, 20, 224-226, 253, 
256 . 

Gregson, C. S. 116 


a This list was of course written before Oxford had been given up as the place of 
meeting ; indeed, it was written only on account of the arrangement for meeting at 


Oxford. 
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Haime, J. 76 

Hawkins, C. E. 156 

Holl, Dr. H. B. 216 

Holloway, Rey. B. 228 

Horton, W. 5. 99, 117, 118, 123 

Howell, H. H. 4, 9, 227 

Hull, Prof. E. 2-5, 7, 11-14, 16-20, 87, 
100, 101, 112, 126-128, 162, 223, 225 

Huxley, Prof. T. H. 96, 141 


Ibbetson, Capt. L. L. B. 237 - 


Jenkins, H. M. 145 
Jones, Prof. T. R. 192, 219 
Judd, Prof. J. W. 14, 22 


Keary, H. W. 145 
Kidd, Dr. J. 31 
Kingdom, J. 43 


Lloyd, E. 24 
Lycett, J. 77, 82, 119, 154 
Lysons, Revs. D. and 8. 170 


Macalister, J. H. 247, 248 
Mackie, S. J. 120 

M’Coy, Prof. F. 71 

Mason, J. W. 142 

Mavor, Dr. W. 168 

Meyer, C. J. A. 202, 203 
Milne-Edwards, Prof. H. 76 
Mitchell, Dr. J. 233 
Morris, Prof, J. 77, 82, 254 


Ogilby, W. 59 

Orlebar, A. B. 74, 78 

Owen, Prof. R. 61-64, 66, 90, 91, 97, 105, 
129, 150, 243 


Parker, J. 137 

Pennant, — 260 

Perceval, 8. G. 146 

Percy, Dr. J. 124 

Phillips, Prof. J. 68, 88, 93, 102, 130, 135, 
143, 147, 148, 151, 258 

Phillips, R. 184 

Phillips, W. 37 

Platt, J. 26, 27 

Plenderleath, Dr. D. 171 
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Plott, Dr. R. 23 

Polwhele, T. R. 6-8, 156, 157, 221, 223, 224 

Prestwich, Prof. J. 83, 186, 188, 190,193, 
240, 244 

Prévost, C. 44 

Priest, Rev. St. J. 230 


Read, C. 8. 84, 241 
Roberts, G. EH. 121 
Rofe, J. 181 


Saemann, — 252 
Sedgewick, Prof. A. 46 
Sharpe, D. 194 
Smith, W. 35, 68, 174, 231 
Smyth, Adm. W. H. 239 
Sowerby, J. 30, 33, 34, 38, 42, 
176, 178 
Sowerby, J. D. 47 
Sowerby, — 169 
Spearing, J. B. 197 
Stacpoole, A. D. 155 
Stokes, C. 51 
Stowe, W. 2388 
Strickland, H. HE. 55, 72 


47, 193, 


Thorne, J. 144 
Trench, R. 158, 221 


Ussher, W. A. E. 221 


Valenciennes, A. 60 
Voelcker, Dr. A. 94, 191 


Walcker, A. 179 

Walker, J. F. 207 

Warburton, H. 175 

Westwood, J. O. 85 

Whitaker, W. 1, 2, 7,11, 15, 16, 20, 21, 
106, 156, 158, 159, 163-165, 198, 199, 
201, 220, 221, 223, 225, 226, 250 

Whiteaves, J. F, 107-109 

Wood, 8. V. junr. 255, 257 

Woodward, Dr. H. 138 

Woodward, H. B. 221 

Wright, Dr. T. 79, 80, 86, 92, 95, 98, 110, 
195, 196, 208, 217, 245, 246, 249 


Young, A. 29 


3. OXFORDSHIRE. 


A. GrotoaicaL Survey Pusrications. 


Maps. 


(1) Sheet 7 (very small part at W. edge). 
By J. H. Braxsg, 1872. 


Drift edition. 


By W. Wuiraker, 1861. 


(2) Sheet 13 (part. Bamford, Henley, Oxford, Thame, Watlington). 
By E. Huu, H. Baverman, and W. Wuiraker, 1860. 
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(3) Sheet 34 (very small part at N.E. corner). By E. Huur, 1857. 

(4) Sheet 44 (small part at S.E. corner. Burford). ? By H. H. 
Howett and KE. Hut, 1856. 

(5) Sheet 45, S.W. (Witney, Woodstock). By E. Huur, 1859. 

(6) Sheet 45, N.W. (greater part. Chipping Norton, Deddington). 
By H. Baverman and T. R. Potrwuexe, 1859. 

(7) Sheet 45, S.E. (W. part. Bicester). By E. Hunn, W. Wuiraxer, 
T. R. Powers, and A. H. Green, 1863. 

(8) Sheet 45, N.E. (S.W. corner). By T. R. Ponwaere and 
A. H. Green, 1863. 

(9) Sheet 53, S.W. (small part on S.). By H. H. Howstt, 1855. 

(10) Sheet 53, S.E. (very small part in S.W. corner), 1859. 


Horizontal Sections. 


(21) Sheet 71. From Nettlebed Hill, Oxfordshire, on the south to 
the Burton Bassett Hills, Worcestershire. By E. Hurt and W. Wuiraker, 
1867. 

(12) Sheet 72. No.2. From Lambourne Downs, Berkshire, on the 
ROLES ‘orcs. ais, By E. Hutt, 1867. 

(13) Sheet 81, From White Hill near Kingsclere in Hampshire to 
Pinsley Wood near Handborough, in Oxfordshire. By H. W. Bristow 
and K. Hutt, 1870. 

(14) Sheet 82 (part). From Handborough in Oxfordshire to Mil- 
verton near Warwick. By E. Hutt and J. W. Jupp, 1870. 


Memoirs. 


(15) The Geology of Parts of Middlesex, Hertfordshire, Buckingham- 
shire, Berkshire, and Surrey (sheet 7). By W. Wurraker, 1864. (Refers 
to a very small part of Oxfordshire). 

(16) The Geology of Parts of Oxfordshire and Berkshire (sheet 13). 
By E. Hurt and W. Wurtaxer, 1861. 

(17) The Geology of Parts of Wiltshire and Gloucestershire (sheet 
34). [Refers to a very small part of Oxfordshire.] By HW. Hutn, 1858. 

(18) The Geology of the Country around Cheltenham (sheet 44). 
By E. Hurt, 1857. [Refers to a very small part of Oxfordshire]. 

(19) The Geology of the Country around Woodstock (45, S.W.). 
By E. Hunt, 1859. 

(20) The Geology of the Country around Banbury, Woodstock, 
Bicester, and Buckingham (sheet 45). By A. H. Green [parts from E. 
Hutt and parts by R. Ergermer and W. Wurraker], 1864. 

(21) The Geology of the London Basin. Part I. The Chalk and the 
Kocene Beds of the Southern and Western Tracts (vol. iv.).. By W. 
Wuiraker, 1872. 

(22) The Geology of Rutland, &c. . . . With an Introductory Hssay 
on the Classification and Correlation of the Jurassic Rocks of the Midland 
District of England. [Refers to Oxfordshire.] By J. W. Jupp, 1875. 
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B. List or Books, Papers, ETC. CHRONOLOGICALLY ARRANGED. 


No. 214 of the Berkshire List refers to Oxfordshire also. 


1676. 
(23) Prorr, Dr. R. Natural History of Oxfordshire. Fol. Oxfcrd. 
(? Other Editions in 1686 and 1705). 


1693. 
(24) Luoyp, E. Epistola in qua agit de lapidibus aliquot perpetua 
figura donatis, quos nuperis annis in Oxoniensi et Vicinis agris adinvenit. 
Phil. Trans. vol. xvii. No. 200, p. 746. 


1754. 

(25) Baxer, H. An Account of some uncommon fossil Bodies. 
Phil. Trans. vol. xlviii. p. 55. 

1759. 

(26) Puarr, J. An Account of the fossile Thigh-bone of a large 
Animal, dug up at Stonesfield, near Woodstock, in Oxfordshire. Phil. 
Trans. vol. 1., pt. 2, p. 524. 

1765. 


(27) Puarr, J. An Attempt to Account for the Origin and the For- 
mation of the Extraneous Fossil commonly called the Belemnite. Phil. 
Trans. vol. liv. p. 38. : 

1785. 

(28) Dovetas, Rev. J. A Dissertation on the Antiquity of the Earth. 

(Note of a Fossil Jaw-bone from Thame.) 4to. Lond. 


1809. 


(29) Youne, A. View of the Agriculture of Oxfordshire. Drawn 
up for the Board of Agriculture (Map and Account of Soils). 8vo. 
Lond. 

1813-1815. 

3°) Sowersy, J. The Mineral Conchology of Great Britain, vol. i. 

(pp. 51, 126, 191, 196). 8vo. Lond. 


1815. 


(31) Kipp, Dr. J. A Geological Essay on the Imperfect Evidence 
in Support of a Theory of the Earth (Description of Oxford Gravel in 
Chap. 17). 8vo. Oxford. 


1816. 
(32) Anon. Analysis of the Mineral Waters of Caversham, Berk- 
shire [Caversham is in Oxfordshire]. Ann. Phil. vol. viii. p. 123. 
1816-1818. 


(33) Sowersy, J. The Mineral Conchology of Great Britain, vol. ii. 
(pp. 5, 20, 27, 84, 111, 174). 8vo. Lond. 
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1819-1821. 


(34) Sowersy, J. The Mineral Conchology of Great Britain, vol. iii. 
(pp. 3, 5, 39-43, 46, 87, 92, 153, 167). 8vo. Lond. 


1820. 
(35) Suirz, W. Geological Map of Oxfordshire. 


1821. 


(36) Bucktanp, Rey. Prof. W. Description of the Quartz Rock of 
the Lickey Hill in Worcestershire, and of the Strata immediately sur- 
rounding it; with considerations on the evidences of a Recent Deluge 
afforded by the gravel beds of Warwickshire and Oxfordshire, and the 
valley of the Thames from Oxford downwards to London. Trans. Geol. 
Soc. vol. v. p. 506. 


1822. 


(37) Conysrarr, Rev. W. D., and W. Purturps. Outlines of the 
Geology of England and Wales. 8vo. Lond. 


1822-1823. 


(38) Sowersy, J. The Mineral Conchology of Great Britain, vol. iv. 
(pp. 2, 111, 114). 8vo. Lond. 


1823. 

(39) Bucxuanp, Rev. Prof. W. Reliquie Diluviane ; or Observations 
on the Organic Remains coutained in Caves, Fissures, and Diluvial 
Gravel, and on other Geological Phenomena, attesting the action of an 
Universal Deluge. (Oxon. pp. 175, 249.) 4to. Lond. Hd. 2 in 18—. 


1824. 


(40) Bucxianp, Rev. Prof. W. Notice on the Megalosaurus or 
great Fossil Lizard of Stonesfield. Trans. Geol. Soc. ser. 2, vol. 1. 
- av0. 
r (41) Frrroy, Dr. W. H. Inquiries respecting the Geological Rela- 
tions of the Beds between the Chalk and the Purbeck Limestone in the 
South-east of England. Ann. Phil. ser. 2, vol. vill. pp. 365, 458. (Re- 
printed in 4to. in 1833.) 


1824-1825. 


(42) Sowsrsy, J. The Mineral Conchology of Great Britain, vol. v. 
(pp. 65, 183). 8vo. Lond. 


1825. 
(43) Kinepom, J. Letter on Bones from Chipping Norton (Geol. 
Soc.). Ann. Phil. ser. 2, vol. x. p. 229. 
(44) Privost, C. Observations sur les schistes calcaires oolitiques de 
Stonesfield, dans lesquels ont été trouvés plusieurs ossements fossiles de 
mammiféres. (Soc. Philomath. Paris.) Ann. Sci. Nat. vol. iv. p. 589. 


— 
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1826. 


(45) Anon. Observations regarding the Position of the Fossil 
Megalosaurus and Didelphis or Opossum at Stonesfield. Hdin. Phil. 
Journ. vol. xiv. p. 303. 

(46) Srpewick, Rev. Prof. A. On the Classification of the Strata 
which appear on the Yorkshire Coast. (Owon. p. 350.) Ann. Phil. ser. 2, 
vol. xi. p. 339. , 


1826-1829. 
(47) Sowersy, J. and J. D. The Mineral Conchology of Great 
Britain, vol. vi. (pp. 16, 18, 55, 156, 179, 213, 225-227). 8vo. Lond. 


1827. 


(48) Broperir, W. J. Observations on the Jaw of a Fossil Mam- 
miferous Animal found in the Stonesfield Slate. Zool. Jowrn. vol. iii. 
p. 408. 

(49) Firron, Dr. W. H. On the Strata of Stonesfield. Ibid. p. 412. 


1829. 
(50) Conyseare, Rev. W. D. On the Hydrographical Basin of the 
Thames, &e. Proc. Geol. Soc. vol. i. p. 145. 


(51) Sroxss, C. Letter explanatory of 3 Drawings of Echini (one 
from Stonesfield). 'rans. Geol. Soc. ser. 2, vol. ii. p. 406. 


1836. 


(52) Bucknanp, Rev. Prof. W. Notice on the Fossil Beaks of four 
extinct Species of Fishes, referrible to the Genus Chimera, that occur in 
the Oolitic and Cretaceous Formations of England. With a Note by 
Prof. Agassiz. Phil. Mag. ser. 3, vol. viii. p. 4. (Abstract in Proc. Geol. 
Soe. vol. ii. p. 204 [1835].) 

(53) Firroy, Dr. W. H. Observations on some of the Strata between 
the Chalk and the Oxford Oolite, in the South-east of England. Trans. 
Geol. Soc. ser, 2. vol. iv. p. 103. [Abstract, under a different title, in 
Proc. Geol. Soc. vol. i. p. 26 (1827). ] 


1837. 
(54) Daupeny, Dr. C. Letter on a Saline Spring near Oxford. 
Trans. Geol. Soc. ser. 2, vol. v. p. 263. 
(55) Srricktanp, H. E. Notices of the Red Marl and Lias of Wor- 


cestershire . ... and of fossil freshwater Shells at Shotover Hill. 
Ibid. p. 260. 


1838. 


(56) Buainvitte [H.D.],de. Doubts respecting the Class, Family, and 
Genus to which the Fossil Bones found at Stonesiield, and designated by 
the names of Didelphis Prevostii and D. Bucklandii, should be referred. 
(Translated from Comptes Rendus, Aug. 20, p. 402.) Mag. Nat. Hist., 
ser. 2, vol. ii. p. 639. 

(57) Bucktanp, Rev. Prof. W. On the Discovery of a Fossil Wing 
of a Neuropterous Insect in the Stonesfield Slate. Prov. Geol. Soc. vol. ii. 
p- 6&8. 
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1839. 


(58) Brarnvitte [H. D.], de. New Doubts relating to the supposed 
Didelphis of Stonesfield. (Translated from Comptes Rendus, Oct. 1838, 
p. 727.) Mag. Nat. Hist. ser. 2, vol. iii. p. 49. 

(59) Ocitpy, W. Observations on the Structure and Relations of 
the presumed Marsupial Remains from the Stonesfield Oolite. Proc. 
Geol. Soc. vol. iii. p. 21. 

(60) Vatenciennes, A. Observations upon the Fossil Jaws from the 
Oolitic Beds at Stonesfield, named Didelphis Prevostiiand D. Bucklandii. 
(Translated from Comptes Rendus, vol. vil. p. 572, 1838.) Mag. Nat. 
Hist. ser. 2, vol. i. p. 1. 

1840. 


(61) Owen, R. Report on British Fossil Reptiles. (Oxon. pp. 79- 
82, &c.) Rep. Brit. Assoc. for 1839, p. 43. 


1841. 
(62) Owen, Prof. R. Observations on the Fossils representing the 
Thylacotherium Prevostii . . . . and on the Phascolotherium Bucklandi. 


Trans. Geol. Soc. ser. 2, vol. vi. p. 47. 

(63) A description of a portion of the skeleton of the Cetio- 
saurus, a gigantic extinct Saurian Reptile occurring in the Oolitic for- 
mations of different portions of England. Proc. Geol, Soc. vol. iii. 
p. 457. 


1842. 
(64) Ownn, Prof. R. Report on British Fossil Reptiles. Part 2. 
(Oxon. pp. 62, 81, 88, 100, 145, 168.) Rep. Brit. Assoc. for 1841, 
p. 60. 


1845. 


_ (65) Ecurroy, Sir P. De M. G. On some new species of Fossil 
Chimeroid Fishes, with remarks on their general affinities. Proc. Geol. 
Soc. vol. iv. p. 153. 

(66) Owen, Prof. R. Report on the British Fossil Mammalia. 
(Oxon. pp. 57, 73.) Rep. Brit. Assoc. for 1842, p. 54, 


1844. 


(67) Davpeyy, Dr. C. On the occurrence of Fluorine in Recent as well 
asin Fossil Bones. (Chem. Soc.) Phil. Mag. ser. 3, vol. xxv. p. 122. 

(68) Smira, W. Memoirs of, by Prof. J. Paiturrs (Section at 
Steeple Ashton, 1805, p. 61). 8vo. Lond. 


1844 or 1845. 
(69) Broviz, Rev. P. B. and J. Buckman. On the Stonesfield Slate 
of the Cotteswold Hills. Proc. Geol. Soc. vol. iv. p. 437, and Quart. 
Journ. Geol. Soc. vol. i. p. 220. 


1848. 


(70) Bowzrsank, J. S. Miscroscopical Observations on the Structure 
of the Bones of Pterodactylus giganteus and other Fossil Animals. Quart. 
Journ. Geol. Soc. vol. iv. p. 2. 


we 
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(71) M’Coy, F. On some new Mesozoic Radiata. (Ozon. p. 403.) 
Ann. Nat. Hist. ser. 2, vol. ii. p. 397. 


1849. 


(72) Sreicktanp, H. HE. On the Geology of the Oxford and Rugby 
Railway. Proc. Ashmolean Soc. Ozon. vol. ii. no. 25, p. 192. 


1850. 


(73) Broneniart, A. Chronological Exposition of the Periods of 
Vegetation and the different Floras which have successively occupied the 
surface of the Earth. (Stonesfield, p. 200). (Translated from Ann. Sei. 
Nat. Bot. 3 sér. t. xi. p. 285 [1849].) Ann. Nat. Hist. ser. 2, vol. vi. 

($92: 
i (74) Orurpar, A.B. Ona Pygaster from the Coral Rag, Bullingdon. 
Proc. Ashmolean Soc. Oxon. vol. ii. No. 26, p. 242. 


1851. 


(75) Davipson, T. A Monograph of British Oolitic and Liassic 
Brachiopoda. No.1. (Oxon. p. 10.) Paleontograph. Soc. 

(76) Minne-Epwarps, Prof. H., and J. Haims. A Monograph of the 
British Fossil Corals. Second Part. Corals from the Oolitic Formations. 
(Oxon. p. 118.) bid. 

(77) Morris, J., and J. Lycerr. A Monograph of the Mollusca from 
the Great Oolite. Part 1. Univalves (pp. 8, 9, 12,57). Ibid. 

(78) OrteBar [A.B.]. Onthe Geology of the neighbourhood of Oxford, 
within the limits of Mr. Stacpoole’s map. Proc. Ashmolean Soc. Oxon. 
vol. ii. no. 27, p. 253. 

(79) Wricut, Dr. T. On the Cidaridz of the Oolites, with a descrip- 
tion of some new species of that family. (Ovon. pp. 249, 260, 271, 273.) 
(Cotteswold Nat. Club.) Ann. Nat. Hist. ser. 2, vol. viii. p. 241. 


1852. 
(80) Wricut, Dr. T. On the Cassidulide of the Oolites, with de- 
scriptions of some new Species of that family. (Oxon. pp. 90,308.) Ann. 


Nat. Hist. ser. 2, vol. ix. pp. 81, 294, and Proc. Cotteswold Nat. Club, vol. i. 
p. 174. 


1853. 


(81) Gaupry, A. Note sur Stonesfield, prés Oxford. Bull. Soc. Géol. 
France, 2 sér. t. x. p. 591. 

(82) Morris, J., and J. Lycerr. A Monograph of the Mollusca from 
the Great Oolite. Part2. Bivalves (Owon. p. 25). Palceontograph Soc. 


1854. 


(83) Prestwich, J. On the Structure of the Strata between the 
London Clay and the Chalk. Part2. The Woolwich and Reading Series. 
Quart. Journ. Geol. Soc. vol. x. p. 75. 

(84) Reap, C. 8. On the Farming of Oxfordshire (with Geological 
Map and Sections, and Account of the Soils). Journ. R. Agric. Soc. 
vol. xy. p. 189. 

(85) Westwoop, J.O. Contributions to Fossil Entomology. Quart. 
Jour. Geol. Soc. vol. x. p. 378. 
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(86) Wricut, Dr. T. Contributions to the Paleontology of Glouces- 
tershire :—A description, with Figures, of some new Species of Hchinoder- 
mata from the Lias and Oolites. (Ozon. p. 322.) Ann. Nat. Hist. ser. 2, 
vol. xiii. p. 312, and Proc. Cotteswold Nat. Olub, vol. ii. p. 17. 


1855. 


(87) Hut, E. On the Physical Geography and Pleistocene Phe- 
nomena of the Cotteswold Hills. (Oxon. p.491.) Quart. Jowrn, Geol. Soc. 
vol. xi. p. 477. 

(88) Putures, Prof. J. The neighbourhood of Oxford and its Geology. 
Oxford Essays for 1855. 8vo. 

1857. 


(89) Dennis, Rey. J.B. P. The existence of Birds during the de- 
position of the Stonesfield Slate proved by a comparison of the Microscopic 
Structure of certain Bones of that formation with that of Recent Bones. 
Quart. Journ. Micr. Soc. vol. v. p. 63. 

(90) Owen, Prof. R. On the Affinities of the Stereognathus Ooliticus, 
a Mammal from the Oolitic slate of Stonesfield. Quart. Journ. Geol. Soe. 
vol. xii. p. 1. 

(91) Monograph on the Fossil Reptilia of the Wealden and 
Purbeck Formations. Part iii. Dinosauria (Megalosaurus) [ Wealden], 
Paleontograph. Soe. 

(92) Wricut, Dr. T. A Monograph on the British Fossil Kehino- 
dermata of the Oolitic Formations. Part First, containing the Cidaride, 
Hemicidaride, and Diademade. (Oxon. pp. 75, &e., 114, &e.) bid. 


1858. 


(93) Pxitutrs, Prof. J. On the Estuary Sands in the upper part of 
Shotover Hill. Quart. Jowrn. Geol. Soc. vol. xiv. p. 236. 

(94) Voetcker, Dr. A. On the use of Lime, Marl, and Shell-sand 
in Agriculture, &c. (Analysis of Stonesfield Slate, p. 232). Journ. Bath 
W. Engl. Soc. ser. 2, vol. vi. p. 220. 

(95) Wricut, Dr. T. A Monograph on the British Fossil Echino- 
dermata from the Oolitic Formations. Part Second, containing the 
Diademade, Echinide, Saleniade, and Echinoconide. (Oxon. p. 282, &e.) 

Palcontograph. Soc. 
| 1859. 

(96) Huxtry, Prof. T. H. On Rhamphorhynchus Bucklandi, a 

Pterosaurian from the Stonesfield Slate. Quart. Journ. Geol. Soc. vol. xy. 
. 658. 

(97) Owen, Prof. R. On the Vertebral Characters of the Order 

Pterosauria, as exemplified in the Genera Pterodactylus and Dimorphodon. 

(Partly Stonesfield.) Phil. Trans. vol. exlix. pt. i. p. 161. 

(98) Wricut, Dr. T. A Monograph on the British Fossil Echino- 
dermata from the Oolitic Formations. Part Third, containing the Colly- 
ritidee, Echinobrisside, and Echinolampide. (Ovon. p.346, &e.) Paleon- 
tograph. Soc. 

1860. 
(99) Horton, W.S. On the Geology of the Stonesfield Slate and its 


Associate Formations. Geoiogist, vol. iii. p. 249. 
(100) Hunt, E. On the South-casterly Attenuation of the Lower 
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Secondary Formations of England; and the probable Depth of the Coal 
Measures under Oxfordshire and Northamptonshire. Quart. Journ. Gteol. 
Soc. vol. xvi. p. 69. 

(tor) On the Blenheim Iron-ore and the Thickness of the For- 
mations below the Great Oolite at Stonesfield. Geologist, vol. 111. p. 303, 
and Rep. Brit. Assoc. for 1860. Sections, p. 81 (1861). 

(102) Puituirs, Prof. J. On some Sections of the Strata near 
Oxford. No.1. The Great Oolite in the Valley of the Cherwell. No. 2. 
Sections South of Oxford. Quart. Journ. Geol. Soc. vol. xvi. pp. 115, 
307. 


1861. 


(103) Bapcock, —. [Account of an Excursion to Oxford.] Proc. 
Geol. Assoc. vol. i. No. 7, p- 155. 

(104) CLurrersuck, Rev. J. C. On the Course of the Thames from 
Lechlade to Windsor, as ruled by the Geological Formations over which 
it passes. Lev. Brit. ‘Assoc. for 1860, Sections, Sra eer 

(105) Owen, Prof. R. Monographs on the British Fossil -Reptilia 
from the Oolitic Formations. Part First, containing Scelidosaurus 
Harrisonii and Pliosaurus Grandis. Palceontograph. Soc. 

(106) Wuiraxer, W. On the ‘ Chalk-rock,’ the Topmost Bed of the 
Lower Chalk in Berkshire, Oxfordshire, Buckinghamshire, &c. Quart. 
Journ. Geol. Soc. vol. xvii. p. 166. 

(107) Wuirsaves, J. F. On the Invertebrate Fauna of the Lower 
Oolites of Oxfordshire. Rep. Brit, Assoc. for 1860, Sections, p. 104. 

(108) On the Oolitic Echinodermata of the Neighbourhood of 
Oxford. Geologist, vol. iv. p. 174. 

(109) On the Paleontology of the Coralline Oolites of the 
Neighbourhood of Oxford. Ann. Nat. Hist. ser. 3, vol. viii. p. 142. 

(110) Wricut, Dr. T. A Monograph on the British Fossil Hchino- 
dermata from the Oolitic Formations. Part Fourth, containing the 
Echinolampide, the Stratigraphical Distribution of the Echinodermata, 
&e. (Oxon. pp. 397, &e., 451, 459.)  Paleontograph. Soc. 


1862. 


(111) Anon. (Note of a Meeting at Kirtlington.) 26 Ann. Rep. 
Warwicksh. Nat. Hist. Archeeol. Soc. p. ve 

(112) Hutt, EK. On Iso-diametric Lines, as means of representing 
the Distribution of Sedimentary Clay and Sandy Strata, as distinguished 
from Calcareous Strata, with special reference to the Carboniferous Rocks 
of Britain. (Oxon. pp. 130, 151, 133, 184.) Quart. Journ. Geol. Soe. 
vol. xviii. p. 127. 


1863. 


(113) Brake, C. C. On Chelonian Scutes from the Stonesfield Slate. 
Geologist, vol. vi. p. 188. 

(114) Cuurcu [Prof.] A. H. Notes on certain Processes of Rock 
Formation now in Action. Quart. Journ. Chem. Soc. ser. 2, vol. i. p. 30. 

(115) Cuurrersuck, Rev. J.C. The Perennial and Flood Waters of 
the Upper Thames (with a Geological Map of the Watershed). Proc. 
Inst. Civ. Eng. vol. xxii. p. 336, 

(116) Grecson, C. 8. Ona Fossil Elytra from the Stonesfield Slate. 
Proc. Liverpool Geol. Soc. Session 3, p. 8. 

1882. Z 


338 REPORT—1882. 


(117) Horron, W.S. On the Stonesfield Slate and its associated 
Strata. Ibid. p. 6. 

(118) On the Geology of the Thames Valley. Ibid. Session 4, p. 7. 

(119) Lycert, Dr. J. Supplementary Monograph on the Mollusca 
from the Stonesfield Slate, Great Oolite, Forest Marble, and Cornbrash. 
(Oxon. pp. 7, 17, 20, 22, 26-28, 37, 44, 53, &e.) Palcontograph. Soc. 

(220) Macxrg, 8S. J. Turtles in the Stonesfield Slate. Geologist, 
vol. vi. p. 41. 

(121) Rosrrts, G. E. On the Discovery of Elephant and other 
Mammalian Remains in Oxfordshire. (Thame.) Geologist, vol. vi. p. 
386, and Rep. Brit. Assoc. for 1863, Sections, p. 87, 1864. 


1864: 


(122) Coprincroy, T. Ona Section with Mammalian Remains near 
Thame. Quart. Journ. Geol. Soc. vol. xx. p. 374. 

(123) Horron, W. 8. On the Ironstone of the Middle Lias. Proc. 
Liverpool Geol. Soc. Session 5, p. 8. 

(124) Percy, Dr. J. Metallurgy (vol. 2). Iron and Steel. 
(Analysis of Oxfordshire Ore, p. 209.) 8yo. Lond. 


1865. 
(125) Ciurrersuck, Rev. J. MW ster-sepp ly (Prize Essay). [Section 
at Oxford.] Journ. It. Agric. Soc. ser. 2, vol. i. p. 271. 
(126) Hurt, E. On the Iron-bearing Deposits of Oxfordshire. 
Quart. Journ. Gen vol. ii. p. 360. 


1866. 


(127) Hunt, E. The New Iron-fields of England. Quart. Journ. 
Sci. vol. iii. p. 325. 

(128) Hout, E.,and W. Brocknayx. On the Liassic and Oolite Iron 
Ores of Yorkshire and the East Midland Counties. Proc. Lit. Phil. Soc. 
Manchester, vol. vy. No. 11 (Session 1865-6), p. 119. 

(129) Owey, Prof. R. Ona Genus and Species of Sauroid Fish 
(Ditaxiodus impar) from the Kimmeridge Clay of Culham. Geol. Mag. 
vol. iii. p. 107. 

(130) Pururs, Prof. J. Oxford Fossils. (Insects from the Stones- 
field Slate.) Ibid. p. 97. 

(131) First Report of the Commissioners appointed to inquire into 
the Best Means of Preventing the Pollution of Rivers. (River Thames.) 
Vol. i. [with a Geological Map of the Thames Basin.] Fol. Lond. 


1867. 


(132) Bravenper, J. On the Watershed of the Upper Thames. 
Geol. Mag. vol. iv. p. 422. 
(133) Bropip, Rev. P. B. On the Presence of the Purbeck Beds at 
Brill, in Buckinghamshire ; and on the Superior Estuarine Sands there 
and at certain places in Oxfordshire and Wiltshire. Quart. Journ. Geol. 
Soc. vol. xxiil. p. 197. 

(134) CarrutHers, W. On an Aroideous Fruit ants the Stonesfield 
Slate. Geol. Mag. vol. iv. p. 146. 

(135) Puriurs, Prof. 5 . A Monograph of British Belemnitide. 
Part IIL, [Liassic]. (Ovon. pp. 78, 74.) Paleontograph. Soc. 
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1868. 


(136) Duncan, Prof. P. M. A Monograph of the British Fossil 
Corals. Second Series (Part IV.) No. 2 [Liassic] (Oxon. pp. 57 (section) 
-61.) Palceontograph. Soc. 

- (137) Parker [J.] Account of the meeting at Oxford. Proc. War- 
wick Nat. Archeol. Field Club, p. 41. 

(138) Woopwarp, H. Ona New Brachyurous Crustacean (Prosopon 
mamumillatum) from the Great Oolite, Stonesfield. Geol. Mag. vol. v. 
i 1869. 

(139) Anon. A Gigantic Oolitic Lizard. Geol. Mag. vol. vi. p. 336. 

(140) CarrutHers, W. On some Undescribed Coniferous Fruits 
from the Secondary Rocks of Britain (Oxon. p. 3). Ibid. p. 1. 

(141) Huxney, Prof. T. H. On the Upper Jaw of Megalosaurus 
(from Stonesfield). Quart. Journ. Geol. Soc. vol. xxv. p. 311 

(142) Mason, J. W. On Dakosaurus. TIbid. p, 218. 

(143) Putnuirs, Prof. J. A Monograph of British Belemnitide. 
Part IV. [Liassic and Oolitic.] (Owon. pl. 26, pp. 104-108.) Paleon- 
tograph. Soc. 

(144) TuHorne, J. Excursion to Oxford. Geol. Assoc. 1869, Reports 
of Excursions, p. 3. [Reports not in Proc. Geol. Assoc. ] 


1870. 

(145) Keary, H. W. Report on the Farm-prize Competition, 1870 
(with a ‘Sketch Map of the Surface Geology of the... . District 
round Oxford,’ by H. M. Jmnxiys—and Note). Journ. R. Agric. Soe. 
ser. 2, vol. vi. p. 251. 

(146) Percevan, 8.'G. On the Occurrence of Schorl in Drift, near 
Oxford. Geol. Mag. vol. vii. p. 96. 

(147) Puiturrs, Prof. J. The gigantic Oolitic Lizard (Enslow). 
Ibid. p. 240. 

(148) A Monograph of British Belemnitide. Part v. [Oxford 
Clay and Kimeridge Clay.] (Owon. Plates 28, 29, 34-36.) Palconto- 
graph. Soc. 


1871. 


(149) Carrutuers, W. On some supposed Vegetable Fossils. 
Quart. Journ. Geol. Soc. vol. xxvii. p. 443. 

(150) Owen, Prof. R. Monograph of the Fossil Mammalia of the 
Mesozoic Formations. Palcontograph. Soc. 

(151) Puttuirs, Prof. J. Geology of Oxford and the Valley of the 
Thames. 8vo. Ozford. 

1872. 

(152) Breestey, T. A Sketch of the Geology of the Neighbourhood 
of Banbury. 8vo. Banbury, and in Proc. Warwicksh. Nat. Archcol, Field 
Club for 1872 p. 11 (1873). 


(153) Burner, A.G. Ona Fossil Butterfly belonging to the Family 
Nymphalide, from the Stonesfield Slate near Oxford. Lepidoptera 
Hezotica and Geol. Mag. vol. x. p. 2. 

(154) Lycrrt, J. A Monograph of the British Fossil Trigoniw, No. 
1 (pp. 26-28, 46, 47). Palceontograph. Soc. 

E Z2 
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No date. 


(155) Stacpootr, A. D. Environs of Oxford, enlarged from the 
Ordnance Map; the Geological Survey and Sections by A. D. Srac. 
POOLE. 


4. BERKSHIRE. 


A. Grotocgican Survey PuspiicaTIons. 


Maps. 


(156) Sheet 7. (S.W. part. Maidenhead, Windsor.) By W. Wurta- 
KER and T. R. PoLwHexe, 1861. Drift edition. By W. Wuiraxer and 
C. E. Hawrxins, 1872. 

(157) Sheet 8. (N.W. corner. Wokingham.) By T. R. Potwuets, 1862. 

(158) Sheet 12. (N. edge. Hungerford, Newbury.) By W. T. Ave- 
LINE, H. W. Bristow [W. Wuitaker], and R. Trencu. 1860. 

(159) Sheet 13. (More than half. Abingdon, Hast Isley, Faringdon, 
Lambourn, Reading, Wallingford, Wantage.) By W. T. Ave ine, E. 
Hurt, H. Baverman, and W. Wuitaker. 1860. 

(160) Sheet 34. (Small part on E.) 1857. 

(161) Sheet 45, S.W. (Very small part on 8.) 1859. 


Horizontal Sections. 
[Sheets 71, 72, 81 (Nos. 11-13 of Oxfordshire List).] 
(162) Sheet 59. Section from Marlborough Downs, Wiltshire, on the 
South. By E. Hutt, 1860. 
(163) Sheet 74. From Chobham Ridges, in Surrey, through Vir- 
ginia Water, Windsor, Stoke Poges, Hedgerley, Beaconsfield and Elles- 
borough to Bishopstone in Bucks. By W. Wuiraker, 1868. 


Memoirs. 
[Nos. 15, 16, 17, 19, 21 of Oxfordshire List. | 
(164) The Geology of Parts of Berkshire and Hampshire (Sheet 12). 
By H. W. Brisrow and W. Wuiraker, 1862. 


(165) Guide to the Geology of London and the Neighbourhood. By 
W. Wuiraker, 1875. Ed. 2, 1875. Ed. 3, 1880. 


B. Booxs, Papers, etc., CHRONOLOGICALLY ARRANGED. 
[Nos. 24, 31, 53, 78, 83, 104, 106, 115, 131, 144, and 151 of the Oxfordshire List refer 
to Berkshire also]. 
1700. 


(166) Brewer, Dr. J. Part of two Letters concerning Beds of 
Oyster-shells near Reading. Phil. Trans. vol. xxii. no. 261, p. 284. 
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©1758. 

(167) Cotter, Dr. J. An Account of the Peat-pit near Newbury in 
Berkshire. Phil. Trans. vol. 1, p. 109. Reprinted by Dr. Mavor in 
1808. 

1808. 

(168) Mayor, Dr. W. General View of the Agriculture of Berkshire 
(with map and account of the soil, &c.) Reprints, Dr. Collet’s paper 
(above). 8yvo. Lond. 

LSty.; 

(169) Sowersy, —. Account of the Blowing-stone between Far- 
ringdon and Uffington, and of the Farringdon Grayel-pit. T’rans. Linn. 
Soc. vol. x. p. 405. 

1813. 

(170) Lysons, Rev. D. and 8. Magna Britannia, vol. i. part 2. 
Berkshire (with a geological description by Dr. Burke, and Note of 
Fossils, &e. pp. 187-193). 4to. Lond. 

(171) PuenpexveatH, Dr. D. On the Teeth of Fishes, and shells, 
found in the vicinity of Reading. Phil. Mag. vol. xli. p. 44. 


1817. 


(172) Bucxianp, Rev. Prof. W. Description of a series of Speci- 
mens from the Plastic Clay near Reading, Berks: with Observations on 
the Formation to which those beds belong. Trans. Geol. Soc. vol. iv. 
p. 277. 

1818 P 


(173) Sowersy, J. The Mineral Conchology of Great Britain, vol. 11. 
(Berks, pp. 147-149). 8vo. Lond. 
1819. 
(174) Suit, W. Geological Map of Berkshire. Lond. 


1823. 


(175) Warsurton, H. On the Bagshot Sand. Trans. Geol. Suc. ser. 2, 
vol. i. p. 48. 
1824, 25, 


(176) Sowsrrsy, J. The Mineral Conchology of Great Britain, vol. v. 

(Berks, pp. 22, 165, 166). S8vo. Lond. 
1826. 

(177) Branvz, Prof. W.T. Analyses of two Mineral Waters from 
Springs in Windsor Great Park. Quart. Journ. Sci. Int. Arts, vol. xx. 
p. 264. (? Reprinted in Phil. Mag. ser. 2, vol. vi. p. 148. 1829.) 

1826-29. 

(178) Sowrrsy, J. The Mineral Conchology of Great Britain, vol. 

vi. (Berks, pp. 68, 71). 8vo. Lond. 
1829. 


(179) Watcxer, A. Analyses of two Mineral Springs in Windsor 
Forest. Quart. Journ. Sci. Lit. Arts, p. 89. 
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1837. ° 


(180) Anon. Fossil Remains [Elephant, near Reading]. Mining 
Review, No. 9, p. 163. 

(181) Rorr, J. Observations on the Geological Structure of the 
neighbourhood of Reading. Trans. Geol. Soc. ser. 2, vol. v. p. 127. 


1839. 


(182) Anon. The History and Antiquities of Newbury, &c. 8vo. 
(Account of the Peat, &c. pp. 140-147.) 


1845. 


(183) Forses, Prof. KE. Catalogue of Lower Greensand Fossils in 
the Museum of the Geological Society, with Notices of Species new to 
Britain... . (a few Berks.) Quart. Journ. Geol. Soc. vol. i. pp. 237, 
345. 

(184) Puriirs, R. On the State of Oxidation of Iron in Soils. 
(Pharmaceut. Soc.) Phil. Mag. ser. 8, vol. xxvi. p. 437. 


1846. 
(185) Bourn, J.C. History and Description of the Great Western 
Railway, including its Geology, &e..... (pp. 15-21). Fol. Lond. 
1847. 


(186) Prestwicn, J. On the main points of Structure, and on the 
probable age of the Bagshot Sands. . . . Quart. Journ. Geol. Soc. vol. iii. 
p. 378. 

1850. 


(187) Gopwin-Avustey, R. A.C. On the Age and Position of the 
Fossiliferons Sands and Grayels of Farringdon. Quart. Jowrn. Geol. Soc. 
vol. vi. p. 454. 

(188) Prestwicu, J. On the Structure of the Strata between the 
London Clay and the Chalk. Part 1. The Basement-bed of the London 
Clay. Ibid. p. 252. 

1851. 

(189) Ortesar, A. B. No. 78 of Oxfordshire List (inserted again by 
mistake). 

(190) Prestwicn, J. A Geological Inquiry respecting the Water- 
bearing Strata of the Country around London, &e. 8vo. Lond. 

(191) VoetcKer, Dr. A. On the Causes of the Efficacy of Burnt 


Clay. [Analysis of Clay from Coldash Common near Newbury.] Journ. . 


R. Agric. Soc. vol. xii. p. 506. 
1854. 

(192) Jones, T. R. A Lecture on the Geological History of the 
vicinity of Newbury. 8vo. Lond. 

(193) Prestwicn, J. On the Thickness of the London Clay, &&. .. . 
Quart. Journ. Geol. Soc. vol. x. p. 401. 

(194) Sarre, D. On the Age of the Fossiliferous Sand and Gravel 
of Farringdon and its Neighbourhood. Quart. Journ. Geol. Soc. vol. x. 
p. 176. 


| 
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1855. - 
(195) Wricur, Dr. T. On some new species of Hemipedina from 


the Oolites. Ann. Nat. Hist. ser. 2, vol. xvi. p. 196, and Proc. Cotteswold 
Club, vol. ii. p. 128. 


1858. 

(196) Wricut, Dr. T. A Monograph on the British Fossil Echino- 
dermata from the Oolitic Formations. PartSecond. .. . [pp. 155-302]. 
(Berks, pp. 161-163). Palcontograph. Soc. 

1860. 


(197) Spearinc, J.B. On the Agriculture of Berkshire. (Account 
of Soils.) Journ. Rt. Agric. Soc. vol. xxi. p. 1. 

(198) Wuiraker, W. Geology of Reading. Geologist, vol. iii. p. 390. 

(199) On a Reconstructed Bed on the top of the Chalk 
and underlying the Woolwich and Reading Beds. Quart. Journ. Geol. Soc. 
vol. xvil. p. 527. 


1861. 


(200) Cuurrersuck, Rev. J.C. The Agriculture of Berkshire (with 
Description of the Geological and Physical Features). S8vo. Lond. 


1862. 
(201) Wuiraxer, W. On the Western End of the London Basin ; 


on the Westerly Thinning of the Eocene Beds in that Basin; and on the 
Greywethers of Wiltshire. (Quurt. Journ. Geol. Soc. vol. xviii. p. 258. 


1864. 


(202) Meyer, C.J. A. Three Days at Farringdon—Position of Sponge- 
Gravel. Geologist, vol. vii. pp. 5, 80. 
. (203) ——— Notes on Brachiopoda .... with... . Remarks on 
the Correlation of the Greensand Beds of Kent, Surrey, and Berks, and 
of the Farringdon Sponge-gravel. . . . Geol. Mag. vol.1. p. 249. 


1865. 


(204) Coprineron, T. The Geology of the Berks and Hants Exten- 
sion and Marlborough Railways. Mag. Wilts Archceol. Nat. Hist. Soc. 
vol. ix. No. 26, p. 167. 

1866. 

(205) Evans, C. Sketch of the Geology of Farringdon. Proc. Geol. 
Assoc. p. 38. 

(206) No 13 of Oxfordshire List (inserted again by mistake). 


1868. 


(207) Watxer, J. F. Onthe Species of Brachiopoda which occur in 
the Lower Greensand at Upware. (Note of Fossils from Farringdon). 
Geol. Mag. vol. v. p. 399. 

(208) Wricut, Dr. T. A Monograph of the British Fossil Echino- 
dermata. Part 2. (Farringdon, pp. 68, 88.) Palcontograph. Soc. 


1869. 


(209) Duncan, P. M. First Report on the British Fossil Corals. 
(Berks, p. 95.) Rep. Brit. Assoc. for 1868. pv. 75. 
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(210) Duncan, P.M. A Monograph of the British Fossil Corals. Second 
Series, (Cretaceous.) (Farringdon, p. 19.) Palcontograph. Soc. 


1870. 


(211) Apams, Rev. J. A Geological Sketch of the Valley of the 
Kennet. Mag. Wilts. Archceol. Nat. Hist. Soc. vol.-xi. No. 33, p. 268. 

(212) Duncan, Prof. P. M. Second Report on the British Fossil 
Corals (Berks, p. 155). Rep. Brit. Assoc. for 1869, p. 150. 

(213) A Monograph of the British Fossil Corals. Second Series. 
Part ii. No. 2. Corals from the . . . . Lower Greensand 
(Berks, p. 39). Paleeontograph. Soc. 


1871. 

(214) Chaypour, E. W. On some Gravels in the Valley of the 
Thames in Berkshire. Proc. Bristol Nat. Soc. vol. vi. pt. i. p. 28. 

(215) Eve [H. W.] and — Fairurutt. On the Artesian Well 
recently completed at the College. 2 Ann. Rep. Wellington Coll. Nat. 
Hist. Soc. p. 23. 

(216) Hotn, Dr. H. B. Notes on Fossil Sponges. Geol. Mag. vol. ix. 
p. 309. 

(217) Wricut, Dr. T. Monograph on the British Fossil Echinoder- 
mata from the Cretaceous Formations. Vol. i. Part 4. (Berks, pp. 150 
ete.) Palewontograph. Soc. 

1873. 

(218) Apams, Rev. J. Sarsens. Trans. Newbury Field Club, 1870-71, 
p. 104; and, under different title, Geol. Mag. vol. x. p. 198. 

(219) Jones, Prof. T. R. The Geology of the Kennet Valley. 
Trans. Newbury Field Club, 1870-71, p. 21. 

(220) Wairaker, W. Remarks on the Section at Shaw Clay Pit, 
and its relation to the Geology of the District. (Newbury Club.) Geol. 
Mag. vol. x. p. 142. 


5. BUCKINGHAMSHIRE. 
A. GroLocicat Survey PUBLIcATIONs. 


Maps. 

(221) Sheet 7. (Part. Amersham, Beaconsfield, Chesham, Coln- 
brook, High Wycombe, Princes Risborough, Wendover). By H. 
BavermMan, W. Wuirtaker, T. R. Potworte and R. Trencu, 1861. 
Corrections, by W. Wuitaker, 1865. Drift Edition, by W. WurrakeEr, 
H. B. Woopwarp, F. J. Beynert, W. A. E. Ussuer, and J. H. Brake, 
1872. 

(222) Sheet 13. (Very small part at N.E. corner.) 1860. 

(223) Sheet 45, S.H. (EH. part). By E. Hurt, H. Baverman, W. 
Wuitaker, and T. R. PotwnHetz, 1863. 

(224) Sheet 45,N.E. (Part on E. Buckingham). By T. R. PotwHeLE 
and A. H. Green, 1863. 

(225) Sheet 46, S.W. (More than half. Aylesbury). By E. Hutt, 
H. Bavermay, W. Wuiraker, and A. H. Green, 1865. 

(226) Sheet 46, N.W. (More than half. Fenny Stratford, Newport 
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Pagnell, Stony Stratford, Winslow). By H. Bavermay, W. Wurraker, 


A. H. Green, and J. R. Daxyns, 1864. 
(227) Sheet 52, S.W. (Part on S. Olney). By H. H. Howet, 
1863. 


Horizontal Sections. 
Sheet 74. (No. 163 of Berkshire List), 


Memoirs. 
Nos. 15, 16, 20, 21 of Oxfordshire List. No. 165 of Berkshire List. 


B. Booxs, Papers, etc., CHRONOLOGICALLY ARRANGED. 


[Nos. 63, 83, 106, 132, and 144 of the Oxfordshire List, and Nos. 188, 190, and 195 
of the Berkshire List refer to Buckinghamshire also. ] 


1723. 
(228) Hoxuoway, Rev. B. An Account of the Pits for Fuller’s-Harth 
in Bedfordshire [really in Buckinghamshire]. Phil. Trans. vol. xxxiii. 


No. 379, p. 419. Reprinted in Conybeare and Phillips’ ‘ Geology of Eng- 
land and Wales,’ p. 138. 8vo. Lond. 1822. 


1809. 

(229) Anon. (A. B. R.) [Note on Flint in Bucks.] Monthly Mag. 
vol. xxvii. p. 249. 

1813. 

(230) Priest, Rev. St. J. General View of the Agriculture of 
Buckinghamshire. (Account of Soils.) Reprinted with Additions. 8vo. 
Lond. 

1820. 


(231) Sire, W. Geological Map of Buckinghamshire. 


1830. 
(232) Anon. Fossil Remains from Foxcote. Mag. Nat. Hist. vol. iii. 
p- 159. 
1833. 
(233) Mircnett, Dr. J. On the Strata of Quainton and Brill in 
Buckinghamshire. Proc. Geol. Soc. vol. ii. p. 6. 


1835. 


(234) Buckxianp, Rev. Prof. W. Notice of a newly discovered 
gigantic Reptile [near Buckingham]. Proc. Geol. Soc. vol. ii. p. 190. 


1842. 

(235) Bropie, Rev. P. B. Notice on the Discovery of Insects in 
the Wealden of the Vale of Aylesbury, Bucks .... Proc. Geol. Soc. 
vol, iii. p. 780. 

1845. 

(236) Bropiz, Rev. P. B. A History of the Fossil Insects in the 
Secondary Rocks of England, accompanied by a particular Account of 
the Strata in which they occur. 8yvo. Lond. 
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1847. 


(237) Isserson, Capt. L. L. B. Sections shown by the Cuttings on 
the London and Birmingham Railway. No. 8, 55 miles from London to 
495.—No. 9, 49 miles from London to Leighton Station.—No. 10, Ched- 
dington to Northchurch. MS. Drawings in Geological Survey Office. 


1850. 


(238) Stowe, W. On a Cutting in the Railway near Buckingham. 
Quart. Journ. Geol. Soc. vol. vi. p. 134. 


1851. 


(239) Smytu, Adm. W. H. Aides Hartweliiane ; or Notices of the 
Manor and Mansion of Hartwell [with Note on the Geology]. 4to. 
Privately Printed. 

1855, 

(240) Prestwicu, J. On the Origin of the Sand and Gravel Pipes in 
the Chalk of the London Tertiary District. Quart. Jowrn. Geol. Soc. vol. 
xi. p. 64. 

(241) Reap, C.S. Report on the Farming of Buckinghamshire [with 
Geological Map and Sections, and Account of Soils}. Journ. R. Agric. 
Soc. vol. xvi. p. 269. 

(242) Wricut, Dr. T. No. 195 of Berks List (inserted again by 
mistake). 

1856. 

(243) Owen, Prof. R. Description of a Fossil Cranium of the Musk- 
Buffalo, from the Lower-level Drift at Maidenhead. [Taplow.] Quart. 
Journ. Geol. Soc. vol. xii. p. 124. 

(244) Presrwicu, J. Note on the Gravel near Maidenhead, in which 
the skull of the Musk Buffalo was found. Jbid. p. 131. 


1858. 


(245) Wricut, Dr. T. A Monograph of the British Fossil Echino- 
dermata from the Oolitic Formations. Part Second, containing the Diade- 
made, &c. (Bucks, pp. 166-168). Palewontograph. Soc. 


1859. 
(246) Wnaicut, Dr. T. A Monograph on the British Fossil Echino-’ 
dermata from the Oolitic Formations. Part Third, containing the Colly- 
ritide, &e. (Bucks, pp. 353, &e.) Palwontograph. Soc. 


1861. 


(247) Macauisrer, J. H. Notes on the Geology of the Country round 
Newport Pagnell. Geologist, vol. iv. pp. 214, 263. 

(248) Fossils of North Bucksand the Adjacent Counties. Ibid. 
p- 481. See also vol. v. pp. 38, 66. 

(249) Wricut, Dr. T. A Monograph on the British Fossil Echino- 
dermata from the Oolitic Formations. Part Fourth, containing the 
Hehinolampide, the Stratigraphical Distribution of the Echinodermata, 
&c. (Bucks, p. 453). Paleontograph. Soc. i 


x 
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1865. 

(250) Wuiraker, W. On the Chalk of Buckinghamshire, and on 
the Totternhoe Stone. Quart. Journ. Geol. Soc. vol. xxi. p. 398. 

(251) Part of the South-eastern Sheet of the ‘Greenough Map’ of 
the Geological Society. ; 

1866. 

(252) SAEMANN, (Notes on Section at Hartwell) in ‘ Monographie 
paléontologique et géologique de l'étage portlandien des Environs de 
Boulogne-sur-Mer,’ by E. de Loriol and P. Pellat. Mém. Soc. Phys. 
Hist. Nat. Genéve. 


1867. 


(253) Grenn, A.H. The Valley of the Ouse at Buckingham. Geol. 
Mag. vol. iv. p. 563. 

(254) Morris, Prof. J. On the Ferruginous Sands of Buckingham- 
shire, with Remarks on the Distribution of the Equivalent Strata. Ibid. 

. 456. 
5 (255) Woop, S. V. jun. On the Structure of the Postglacial 
Deposits of the South-East of England. Quart. Jowrn. Geol. Soc. vol. 
xX. p. 394. 
1868. 

(256) Green, A. H. The Ouse Valley. Geol. Mag. vol. v. p. 104. 

(257) Woop, S. V. jun. Reply to... . Mr. A. H. Green, on the 
Ouse Valley at Buckingham. Ibid. p. 42. 


1870." 

(258) Puinxies, Prof. J. A Monograph of British Belemnitide. 
Part V. [Oxford Clay and Kimeridge Clay.] (Bucks, Pl. 36). Paleonto- 
graph. Soc. 

1871. 
(259) Anon. Excursion to Aylesbury. Proc. Geol. Assoc. vol. ii. No. 1, 
. 36. 


P 
P date. 


(260) Pmnnanr. Journey from Chester. [Fuller’s-earth Pits 
(Wavendon) noticed. ] 


NotTEe.—tThe lists of books, papers, &c., are not carried beyond 1873; works of 
later date being noticed in the volumes of the Geological Record. 


Notes on the oldest Records of the Sea-Route to China from Western 
Asia. By Colonel H. Yur, C.B., R.E. 


[A communication ordered by the General Committee to be printed in extenso 
among the Reports. | 


THE purpose of this paper is to review, as concisely as may be prac- 
ticable, the geography of the most ancient sea-trade with China, and to 
set forth the persistence of the maritime tradition of the route to that 
country during the first nine or ten centuries of the Christian era. In 
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the bulk of its detail this paper has little pretension to originality. I 
have myself at various times given attention to. the subject, and have 
elaborated parts of it ; but I shall make use of any books or papers which 
appear to me to contribute sound views, as well as of my own. I do not 
know of any work that treats the whole subject precisely as I propose 
to do. i 

The chief original sources of information are the following :— 

1. The anonymous Periplus of the Erythraean Sea, the date of which 
we shall assume, after Dr. Carl Miller, to be about a.p. 80-90. 

2. Ptolemy’s Geographical Tables, dating about a.p. 150, and his 
extracts from Marinus of Tyre. The latter derived, apparently, a main 
part of his information regarding the sea-voyage from a navigator or 
trader of the name of Alexander, whose date may be put conjecturally 
about A.p. 100. 

3. The ‘ Topographia Christiana’ of Cosmas, c. A.p. 545. 

4, The Arab Geography of Ibn Khordadbah, in the first half of 
the 9th century; the first part of the Arabic Notices of India and China, 
last translated by M. Reinand, dating from A.p. 851; and supplemented 
to some extent by the work of Mas’idi (c. 930-940). 

The earliest of these writers, the author of the Periplus, knows 
Thin, of which Thinai was the chief city, lying inland and far towards 
the north. The country lay behind Chrysé (i.e. Indo-China), and where 
the sea comes to an end, i.e. where navigation then terminated. This 
country of Thin is difficult of access; it stretches from this eastern 
extremity of the earth far towards the north and west, so as to approach 
the Caspian. It sends silk and silk-stuffs to the ports of Western India, 
through Bactria, as well as by another route debouching on the Ganges.! 
The country thus defined is evidently, as its names would lead us to 
expect, China. 

Ptolemy’s statements (including those of Marinus) represent the 
great nation of the Hast, occupying the extremity of the known and in- 
habited earth, under a double aspect and title, viz., as Seres, when 
reached by the long land-route through Central Asia, and as Sinae, when 
reached by the sea-voyages, of which we shall speak more particularly. 

In the notices of Cosmas we find the conception of China in a more 
distinct and modern shape, and the name now quite indisnutable; but 
still there has been no break in the tradition. He has a correct idea of 
the position of Tzinista (or Chinistin), the reuotest of all the Indies, and 
the country of silk, as lying on the extreme eastern coast of Asia, ‘com- 
passed by the ocean running round it to the left (i.e. the north), just as 
the same ocean compasses Barbary (i.e. the Somal Country in Eastern 
Africa) round to the right’ (or south). Beyond it was neither habita- 
tion nor navigation. To reach it the navigator passed the Pepper 
Country (i.e. Malabar), Siélediba or Taprobané (1.e. Ceylon), the coast of 
the Conch or siéinkh-shells (Tinnevelly) and Kaber (probably the Cauvery 
Delta). Further off was the Clove Country (i.e. the Islands of the Indian 
Archipelago), and then Tzinista. 


1 Tt would be beside the present purpose to discuss this curious notice of such a 
trade route. See the present writer’s Introductory Essay to Captain Gill’s River of 
Golden Sand, and the other testimonies to such a traffic cited there. I will quote these 
words: ‘. . The trade that brought these stuffs must have been of that obscure hand- 
to-hand kind, probably through Tibet, analogous in character to the trade which in 
prehistoric Europe brought amber, tin, or jade from vast distances.’ (op. cit. p. [32].) 
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We next come to the Arab yvoyagers of the 8th and 9th centuries. 
The most material difference between them and the navigators of the 
first century is that the latter, though acquainted with the direct monsoon 
courses, and sometimes using these for the voyage from the Red Sea and 
its vicinity to Guzerat and Malabar, did not apparently yet venture on 
the direct voyage across the Bay of Bengal. 

But the nature of the trade, and the pick-up cargoes which are 
indicated in the Periplus, probably made the coasting voyage more usual 
even on this side of Cape Comorin. 

Let us follow the Greek or Persian navigator from the Persian Gulf, 
taking him up where he first comes into Indian waters. He passes the 
low flat coast into which Sinthos (the Sind or Indus) discharges by seven 
mouths, touching at a port called Barbaricon, represented by the Lari 
Bandar of later days. He then passes the dangerous shallows of the Gulf 
of Irinon (the Irina or Rinn of Cutch) and Baraké (or Dvaraké), and 
coasting Syrastréné (Sorath, or Peninsular Guzerat), enters that other 
gulf by which he passes the island Baidnés (or Peram, famous in recent 
times for its extraordinary mammalian fossils), and so to the mouth of 
the Namadus (Narmada or Nerbudda) and its great port of Barygaza 
(Bhrigukachchha, Bharakachcha, or Bardch). Then coasting Ldriké 
(continental Guzerat, the ancient Hindu Léta, and touching, among other 
marts, at Suppara (Supara near Bassein—properly Wusai—north of 
Bombay, and where Mr. J. Campbell has lately been making excavations 
with interesting archeological results); at MKalliena, mentioned by 
Cosmas as well as the Periplus writer (Kalyani, the chief town and port 
of Tanna district near Bombay, and the point where the Great Indian 
Peninsular Railway bifurcates after crossing the Tanna Strait), at Sémylla 
or Timila (Saimitr or Chaimtr of the Arabs, i.e. Chenwul or Chaul,! a 
port famous down to the beginning of the seventeenth century, and still 
existing,” too much reduced apparently to have a place in the ‘ Imperial 
Gazetteer,’ though it has two or three lines in ‘ Thornton’s’), and so forth 
along the coast of Dachanabades (i.e. of Dakshindpatha, the ‘southern 
region,’ the Deccan), and beyond that to Dimyriké (or the Tamil country) 
i.e. Malabar, in which the chief ports were Naura (i.e. Hondwar), Nifria 
(Mangalore on the Netravati R., the Mangaruth of Cosmas), T'yndis 
(Tundi near Beypore), Muziris (Muyiri Kodu or Cranganore) and Nel- 
kynda. ‘The absolute identification of the last is not easy, but it was pro- 
bably Kallada, on a river of the same name entering the backwaters, the 
only navigable river south of the Perriir at Cranganore. This is pro- 
bably the same place as Aanetti, famous in the legendary history of 
Malabar; and it is still a great entrepdt for Travancore pepper, which is 
sent hence to the ports on the coast for shipment. That Nelkynda can- 
not have been far from this is clear from the vicinity of the Ivépor 
époe ov ‘Red Hiil’ of the Periplus, which is mentioned in immediate 
succession to the mouth of the river of Nelkynda. There can be no 
question that this is the bar of red laterite which a short distance south 
of Quilon cuts short the backwater navigation, and is thence called 


‘ In foreign names the s (swad of the Arabs constantly, as may be seen in Prof. 
Sprenger’s Post- und Reise- Routen des Orients, represents ch, a sound absent from 
Arabic. 

* Mr. Burgess thinks Semylla may be a place called Chemula, which is said to 
have existed on Trombay Island, adjoining Bombay. But of this there seems to be 
little or nothing known. 
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the Warkallé Barrier. It forms abrupt cliffs on the sea, without beach, 
and these cliffs are still known to seamen (as the navigation books show) 
.as ‘the Red Cliffs.’ This is the only thing like a sea-cliff from Cananore 
(or perhaps from Mount d’Ely) to Cape Comorin.’ A little further is 
Komarei or Komaria (Cape Comorin), and beyond that Kolchoi and the 
pearl-fishery (Korkai or Kolkai, an ancient site near the mouth of the 
Tamraparni River). The Periplus writer, as well as Ptolemy, it must be 
noted, regard, not Cape Comorin but the next succeeding Cape, called by 
Ptolemy Kory (i.e. Koti, the ‘bow-tip,’ the point of the island Ramesh- 
waram) as the southernmost point of India. 

Here Taprobané or Ceylon is apparently left to seaward, and the 
navigator passes through Palk’s Strait and touching at several ports, 
such as Nigama Metropolis (of Ptolemy) probably Negapatam, Kamara 
(Chabéris emporium of Ptolemy, probably Kaveripatan, formerly a port 
of importance near the mouth of the Cauvery), Péduké and Sopatma, 
which we cannot identify, he reaches Masalia, or Muaisélia (Ptol.) the 
coast between the Kistna and Godavery, still marked by the’ name 
Masulipatan, which the striving after meaning has converted and vul- 
garised into Machlipatan, or ‘ Fish Town.’ 

From, Masalia the navigator of the Periplus ‘crosses the Gulf,’ i.e. 
giving a wide berth to the Godavery sands, and leaving to port the bay 
of Coringa, he strikes across the sea, making the land again in Desaréne 
or Orissa, perhaps taking for his landmark Mount Mahendra, the highest 
mountain on the coast (N. Lat. 19°4’, height 4,923 feet). From this point 
ships bound for the Ganges would renew their coasting; those bound for 
Chrysé, or Indo-China, took a fresh departure, and strack across the Bay 
nearly on a parallel of latitude to Sadu in Argyré or Arakan. Here, 
then, is the point which Ptolemy calls, "Ad@erypwv tay ei¢ Ti Xpucipy 
éuTAcdv7wy—not, as Lassen makes it, a harbour from which voyages to 
Chrysé were made, but the point of departure from which vessels bound 
thitner struck off from the coast of India. 

A little above this point Ptolemy has a town called Palura, which we 
still find—Palir—in latitude 19° 274, some five or six miles above Ganjam. 
This place is mentioned both by Barros (1552) and Linschoten (1597), 
and the passages in the Periplus and in Ptolemy to which we have been 
referring are aptly illustrated by extracts showing the course of navi- 
gation 1,500 to 1,600 years later. 

Thus Linschoten has the following sailing directions (which I give 
slightly condensed) :— 

‘In the August monsoon, after leaving the Ceylon coast, the navigator 
will keep north to the Cape called Ponta de Guadovarin | Point Godavery } 
in 17°. ... He will then continue to run along the coast, taking 
care not to pass the 195° [it should be 19°] without sighting land, for 
here there is the mouth of a river called Pnacota. . . . All this coast from 
Point Guadovarin is high and mountainons, and easily seen from afar, 
From the river of Puacota to another called Palwor or Palura, a distance 
of twelve leagues, you run along the coast with a course from S.W. to E. 
Above this last river is a high mountain called Serra de Palura, the highest 
mountain on the coast. This river is in 194°,’ &c. The Palura river in 
195° must be the river of Ganjam (19° 23’), and the river of Puacota must 
be that of Barwa (18° 54’), which is just thirteen leagues down the coast. 
The latter, lying under Mount Mahendra, seems to answer precisely to 
Ptolemy’s Aphetérion. 


a 
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Turning again to Valentijn’s great book on the Dutch East Indies 
(1727), under a notice of Bimlipatam, we find the following :— 

‘In the beginning of February there used to ply, as long as the trade 
lasted, for the “first despatch to Pegu, a little ship with such. goods as were 
in demand, and which were taken on board at J Masulipatam. ... From 
that place it used to run along the coast up to 18° N. latitude, and then 
crossed seawards’ {in fact it took tts aphetérion, but somewhat further 
south than the ancients] ‘so as to hit the land on the other side about 16°, 
and then, on an off-shore wind, sailed very easily to the Peguan river of 
Syriang’! [Syriam, below Rangoon]. 

The Periplus carries us to the mouth of the Ganges, where there was 
a mart so-called (Gangé), and to the beginning of the Continent of Chrysé, 
i.e. Indo-China, but gives no further detail. For this we go to Ptolemy. 
He gives us the coast of Argijré (‘ Silver-land’) and Chrysé Chersonnésus, 
with Chrysé Chora behind it, ‘the Golden Peninsula’ and ‘the Golden 
Region.” In Argijré we have undoubtedly Arakan, but I have been able 
to trace no Indian suggestion of the name, or of the ines which are said 
in Ptolemy to have existed in it. The Golden Chersonnese is specifically 
the protuberant Delta of the Irawadi, Pegu, the Suvarna Bhiimi or Golden 
Land of ancient India, whilst the Golden Region behind is Burma, the 
oldest province of which above Ava is still formally styled in State docu- 
ments Sona-paranta—‘ Golden Frontier.’ Ptolemy’s Chalkitis also, or 
‘Copper Region,’ approximates curiously to the Tampa dipa or ‘ Copper 
Island’ of the Burmese State phraseology, a region which embraces Ava 
and the ancient capital Pagin. 

Proceeding further, the navigator reaches the city of Adli or Klis, 
leaving behind him the islands of Dazakota, ‘Good Fortune’ (’Ayaiou 
caiporoc) and the group of the Barusae. Here at Koli, which [ take 
to be a port of the Malay Peninsula, the course of the first-century 
Greek and of the ninth-century Arab come together ; and before going 
further it is desirable to take up the route of the latter. 

The Arabs discriminated a variety of ‘seas’ that were passed on the 
route to China. First, of course, the starting-points being Obollah at the 
head of the Persian Gulf, or Siraf on its northern shore, is that sea (Bahr 
Firs). Then the Sea of Ldr (Bahr Lérawi)—i.e., of the Greek Lariké 
of which we have spoken. This sea washed the shores of Saimir, Subara, 
Tind, Sindén, and Kambdya. The last is well known; of Saimtir and 
Subara we have already spoken, as well as of Thana (or Tanna, as the 
Gazetteer spells it) near Bombay ; it was visited by Marco Polo in the 
end of the thirteenth century. Sinddén is famous as the port where the 
Parsi immigration first landed in India, and has become, by an odd cor- 
ruption, in our sea-nomenclature ‘St. John’s.’ 

The Sea of Lar was reckoned to terminate at certain numerous islands 
known as the Dibas, of which Serendib (Ceylon) was the last and greatest ; 
a view of things set forth in that passage of Ammianus which speaks of 
the rumours of Julian’s accession (A.D. 361) as reaching even to the Divi 
and the Serendivi. Here began the ‘Sea of Horkand,’ a name which we 
cannot hesitate to identify with the Ithogandani whom Ptolemy places in 
the south of Taprobane, a name which long survived in the form of Réhana 
or Rohwna, occurring often in the Mahawanso, as a province of which 
Mahagimo, the Maagrammon of Ptolemy, was the capital, and which the 
early Mahommedans applied in the form al-Rahiin to Adam’s Peak. 


1 Valentijn, ‘ Choromandel,’ vol. v. pp. 44, 45. 
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The Sea of Horkand extended to al-Rdmni, identified with Sumatra 
not only by its position, but by its products (such as Fanstiri camphor, 
elephants, brazil-wood, and cannibals), and by its great extent. The 
compass of 800 parasangs ascribed to it corresponds roughly with the 
estimates of Sumatra which we find in Marco Polo (‘2,000 miles or more’), 
and in Barbosa (2,100 miles), and with the truth, which is about 2,300 
miles. The navigators, crossing the Sea of Horkand with the western 
monsoon, made land at the Islands of Lanja-, Lankha, or Lika-Bdlis, 
where the naked inhabitants came off in their canoes, bringing ambergris 
and coco-nuts for barter ; a description which, with the position, identifies 
these islands with the Nicobars, Necuveram of Marco Polo, Ldka-vdram of 
Rashid-uddin, and, I can hardly hesitate to say, the Barusae Islands of 
Ptolemy. 

Beyond these, and not in the track usnally followed, were the two 
islands of the Anddmdn Sea, inhabited by dangerous and naked negro 
cannibals. Still further owt of the way in this direction, and difficult 
of access, was a region of mountains containing mines of silver. The 
Jandmark to reach these was a mountain called al-Khushnémi (‘The 
auspicious’), 

This ‘Land of silver mines,’ both position and this description iden- 
tify with the Argyré of Ptolemy. As no silver is known to exist in that 
region (Arakan) it seems probable that the Arab indications to that effect 
were adopted from the Ptolemaic charts. And this leads me to suggest 
also that the Jibal Khush-ndémi also was but a translation of the “Aya@ov 
daipovoc viaoc, or Isle of Good Fortune, in those maps, whilst I have 
thought also that the name Andémdn might have been adopted from a 
transcript of the same name in Greek as ‘’Ay. daipor. N.’! 

At Ké6li, or Kilis, I have said the Greek and Arab routes coincide. 
For I take this Kéli to be the Kalah of the Arabs, which was a month’s 
sail from Kaulam (Quilon) in Malabar, was a place dependant on the 
Maharaja of Zibaj (i.e. Java, or the Great Islands), and near which were 
the mountains producing tin. o-lo is also mentioned in the Chinese 
History of the T’ang dynasty in terms which indicate its position some- 
where in the region of Malacca.” 

Kalah lay on the Sea of Shaldhit (which we call the Straits of 
Malacca), but was not very far from the entrance of the Sea of Kadranj, 
a sea which embraced the Gulf of Siam; therefore I presume that Kalah 
was pretty far down the Malay Peninsula. It may, however, have been 
Kadah, or Quedda, as we write it. For it was ten days’ voyage from 
Kalah to Tiyimah (written also Batiimah, Koytimah, &c.—a variation 
dependent on loose pointing chiefly), a place where they found supplies 
of fresh water. And this I take it is Tiyiman (in charts corruptly 
Timoan) onthe eastern side of the Malay Peninsula. The island ‘ Timon’ 
is a point of note in Linschoten’s ‘Course from Malacca to Macan in 
China’ (1597). ‘Thereon,’ he says, ‘are two places where you find good 
fresh water.’ 


1 Bazakota, and the ‘ Isle of Good Fortune,’ may be taken as the Great and the Little 
Andaman respectively. The Arab Relation mentions, inan unconnected notice, anisland 
called Malhdn between Serendib and Kalah, i.e. between Ceylon and the Malay Penin- 
sula, which was inhabited by black naked cannibals. This may be another indication 
of the Andaman group, and the name may have been taken from Ptolemy’s Maniolae, 
which in his map occupy the position in question. : 

2 See Bretschneider on Chinese Botanical Works, Foochow, 1870, p. 29. 
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Now the Sea of Kadranj was entered, the Perimulic Gulf of Ptolemy. 
Among the coast names of the Greek record we may draw attention to 
Samaradé, and its coincidence with Samarat, the Buddhisto-classical 
name of the place commonly called Ligér (i.e. ‘ Nagara,’ the city) on the 
eastern shore of the Malay Peninsula, subject to Siam; also to the river 
Sobanus (Skt. Suvarna, Pali Sobana, ‘the Golden’), and to its synonymy 
with Sobanapiiri, one of the old cities of Siam in the Menam basin. 

The Arabs, as before, instead of coasting, struck across by another 
ten days’ run to the port of Kadranj. Here was a high mountain to 
which slaves used to escape. I should identify Kadranj with the ’Acddpa 
(Akadra) of the Greeks, and place it about Chantabon. ‘Here,’ says 
Crawfurd (I quote from ‘ Ritter,’ iv. 1069), ‘at a short distance inland 
there stands a very high hill, Bombasoi, which affords from its summit an 
extensive view over Chantabon and Kamboja.’ Between the Sobanus 
and Akadra the Greek coasting navigators also mention Tipdnobasté, 
which would correspond to Bangpasoi of our maps, at the mouth of the 
‘large navigable river Bangpa-kong. 

Ten days further (these tens are doubtless a little arbitrary or gene- 
ralised, like the ten days’ intervals of Herodotus across the Sahara!) the 
Arab navigators reach Sanf or Chanf, which under the limitations of the 
Arabic alphabet represents Champa, or the southern extremity of Cochin 
China, which I identify also with the ZaBa or Zafac of the Greeks. 

It is true that Champa, as known in later days, lay to the east of the 
Mekong Delta, whilst Zabai of the Greeks lay to the west of that and of 
the péya axporhpiwov—the ‘Great Cape,’ or C. Cambodia of our maps. 
Crawfurd (‘ Desc. Dict. Ind. Arch.,’ p. 80) seems to say that the Malays 
include under the name Champa the whole of what we call Kamboja. 
This may possibly be a slip. But it is certain, as we shall see pre- 
sently, that the Arab Sanf, which is unquestionably = Champa, also lay 
west of the Cape, i.e. within the Gulf of Siam. The fact is that the 
Indo-Chinese kingdoms have gone through unceasing and enormous 
vicissitudes, and in early days Champa must have been extensive and 
powerful, for in the travels of Hwen’ T’sang (about A.p. 629) it is called 
Mahdi-Champa. And my late friend, Lieut. Garnier, who gave great 
attention to these questions, has deduced from such data as exist, in 
Chinese annals and elsewhere, that the ancient kingdom which the 
Chinese describe, under the name of Fw-nan, as extending over the whole 
peninsula east of the Gulf of Siam, was a kingdom of the Tsiam or 
Champa race.? The locality of the ancient port of Zabai or Champa is 
probably to be sought on the west coast of Kamboja, near the Campot or 
the Kang-Kao of our maps. On this coast also was the Komar and 
Kamdrah of Ibn Batuta and other Arab writers: the great source of 
aloes-wood—the country, then, of the Khmer or Kambojan people. 

From Sanf the Arabs sail ten days again to an island (but evidently, 
from the plural form of the name, a group of islands) called Sandar. 
Fuldt, where they find fresh water. We cannot hesitate to identify this 
with Pulo Condor. Marco Polo, in the name which he gives to the group, 
‘Sondur and Condur,’ has furnished a link, if it be needed, to complete 
the identification. These may also be the ‘Satyrs’ Islands’ of Ptolemy, 
or they may be his Sindai, for he has a Sinda city on the coast close to this 


1 Herod. iv. 181-183. 

? See Carte des Liewx Historiques de UIndo-Chine, §c., at p. 128 in vol. i. of 
Voyage d’ Exploration. 
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position, though his Sindai islands are dropt far away. But it would not 
be difficult to show that Ptolemy’s islands have been located almost 
at random, or as from a pepper-castor. 

We have said that the Arab Saf, as well as the Greek Zabai, lay west 
of Cape Cambodia. This is proved, by the statement that the Arabs on. 
their voyage to China made a ten days’ run from Sanf to Pulo Condor. 

Now they enter another sea, which they call the Sea of Sanj?, crossing 
which they enter the narrow passages and estuaries called the ‘ Gates of 
China.’ 

In Ptolemy the distance from Zabai to the Sinae is not determined. 
According to Alexander, as quoted by Ptolemy after Marinus, ‘ the land 
beyond the Golden Chersonnese lay facing the south, and sailing by this 
for twenty days you reach the city of Zabai, and, still sailing on for some 
days southward, but rather to the left, you reach Kattigara’ (the port of 
the Sinae). The expression ‘southward, but rather to the left,’ is easily 
accounted for, if we recollect what has just been said of the position of 
Zabai on the west coast of Kamboja. Alexander must precisely have run. 
‘south, but rather to the left,’ for some days before turning north into the 
China Sea. 

But no doubt Ptolemy, from his preconceptions of the general 
geography, necessarily misconstrued the further track of Alexander, and 
may have failed to quote some further indication. Regarding the Indian 
Ocean as a closed basin he is compelled to place the Sinae on the 
imaginary eastern shore of that basin. But we know, of course, that the 
sea is not a closed basin, and that the Sinae could not have lain south of 
Zabai and of the Great Cape, unless we are prepared, with a learned 
German, to put them on the west coast of Borneo! 

I should say here that I consider it as unreasonable to explain Sinae 
by any name but Chinese, as it would be to explain Jndoi by anything 
but Hindoos or Indians. Sinae does not require to be demonstrated to 
be Chinese ; it is Chinese, just as much as Frangais is French or Espagnols 
Spaniards. But where lay Karriyapa éppoc XuGv— Kattigara, the 
port of the Chinese ’—is another question. 

When I drew the map of Ancient India, with its elucidations, for Dr. 
W. Smith’s Classical Atlas, though saying that I saw no means of deter- 
mining the position of Kattigara, I was still inclined to believe that it was 
on the coast of China proper, either of Fokien or of the Yangtse Delta. 
But there was always some misgiving that the Ptolemaic statement was 
briefer and vaguer than would have been probable had the voyagers 
actually reached the swarming hive of the Central Flowery Kingdom. 
And to myself the arguments adduced by my friend Baron F. von 
Richthofen in fayour of the location of Kattigara in the Gulf of Tongking 
are absoJntely convincing. This position seems to satisfy every con- 
dition. For: 

1. Tongking was for some centuries at that period (B.c. 111 to 4.p. 263), 
and at that period only, actually incorporated as part of the Chinese 
Empire. 

2. The only port mentioned in the Chinese annals as at that period 
open to foreign traffic was Kiau-chi, substantially identical with the 
modern capital of Tongking, Kesho or Hanoi. Whilst there are no 
notices of foreign arrivals by any other approach, there are repeated notices 
of such arrivals by this province, including that famous embassy from 
*Antun, King of Ta-t’sin’, ie, M. Aurelius Antoninus, in A.D. 166. 
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3. The province in question was then known as Ji-nan (or Zhi-nan, 
French J ) ; whence possibly the name Sinae, that has travelled so far and 
spread over such libraries of literature. The Chinese annalist, who men- 
tions the Roman Embassy, adds: ‘ The people of that kingdom (Ta-t’sin, 
orthe Roman Empire) come in numbers for trading purposes to Fu-nan, 
Ji-nan, and Kiau-chi.’ Funan, we have seen, was Champa or Zabai. In 
Jinan, with its chief port Kiau-chi, we may recognise with assurance 
‘ Kattigara, portus Sinarum.’ } 

Mr. Bunbury, in his most able and valuable ‘History of Ancient 
Geography,’ whilst admitting the force of my argument as to the identity 
of the ancient names Sinae and Thin with China, observes: ‘It does not 
appear to me necessary, therefore, to assume that the land so called was 
actually a part of the modern China. How easily the name might be 
extended to other regions in that part of Asia is sufficiently shown by the 
modern appellation of Cochin China, applied to the very country ’ in which 
he is inclined to locate the Sinae. 

But neither he, nor I in my former consideration of this subject, had 
taken account of the facts adduced by Richthofen as to the incorporation 
at that time of Tongking with the Chinese Empire, and as to the recogni- 
tion at that time of Kiauchi alone (as far as is known) as a gate of access 
for Western trade to the Empire. Richthofen’s solution has the advantages 
of preserving the true meaning of Sinae as ‘ the Chinese,’ and of locating 
the Portus Sinarum in what was then politically a part of China, whilst 
the remote metropolis Thinoe remains unequivocally the capital of the 
Empire, whether Si-ngan-fu in Shensi, or Loyang in Honan, be meant. 

I will only add that though we find Katighora in Hdrisi’s Geography, 
T apprehend this to be a mere adoption from the geography of Ptolemy, 
founded on no recent authority. It must have kept its place also on the 
later mediwval maps; for Pigafetta, in that part of the circumnavigation 
where the crew of the Victoria began to look out for the Asiatic coast, 
says that Magellan ‘ changed the course . . . until in 13° of N. Latitude, 
in order to approach the land of Cape Gaticara, which cape (under correc- 
tion of those who have made cosmography, for they have never seen it) 
is not placed where they think, but is towards the north, in 12° or there- 
abouts.? It is probable that, as Richthofen points out, Kattigara, or 
at any rate, Kiau-chi, was the Liikin or Al-Wdkin of the early Arab 
geographers. But the terminus of the Arab voyagers of the ninth century 
was no longer in Tongking; it was Khénfi—apparently the Kanpu of 


The name (Kattigara) seems (in form) Indian, like so many others on the route 
to the Sinae,—e.g., Sobana, Pagrasa, Sumaradé, R. Sobanus, Tiponodasté, Zaba, 
Lagora, Balonga, Sinde, Aganagara, Brama, R. Ambastus, Rabana, R. Kottiaris, 
Kokkoronagara, etc. 

‘ At first sight the identification of some of these names with names still adhering, 
or traditionally preserved, seems hazardous. But note that most of the names just 
recited are unquestionably Hindu. Hence it is a fact that Hindu names attached to 
places in Indo-China before the time of Ptolemy. It is another fact that many Hindu 
names attach now—e.g., Singapore, Patani, Ligor, Yuthia, Champa, Suphana, 
Chantibon (probably). Why should not the same name in some cases have survived ? 
—‘ Sources and Authorities for India,’ in Dr. Smith’s Atlas. 

? The First Voyage round the World (Hak. Soc.) translated by Lord Stanley of 
Alderley, p. 68. The translator too hastily (as elsewhere) explains : ‘ Cattigara., Cape 
Comorin in 8° 271” North Lat.’ The cape looked for was evidently the extreme S.E. 
point of Asia, actually represented by Cape Varela, or Cape St. James, on the coast of 
Cochin China, 
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the Chinese, the haven of the great city which we know as Hangchow, 
and which then lay on or near a delta-arm of the great Yangtse.! 

The chief works of which I have made use in the foregoing (besides 
the original authorities named at the beginning, the Arabic ones in 
published translations, chiefly French), are Richthofen’s ‘China,’ Bd. i. 
1877 ; the same author’s papers ‘Ueber den Seeverkehr nach und von 
China in Alterthum und Mittelalter,’ in the ‘Transactions of the Berlin 
Geog. Society’ for 1876 ; Sprenger, ‘ Post- und Reise-Routen des Orients,’ 
Leipzig, 1864; A. Maury, ‘Des Anciens Rapports de 1’Asie occidentale 
avec l’ Inde Transgangétique et Ja Chine,’ in‘ Bullet. de la Soc. de Géog. de 
Paris,’ 1846; Mr. Bunbury’s work just quoted ; various notes of my own 
in ‘Cathay and the Way Thither,’ ‘ Marco Polo,’ and the text to my map 
of Ancient India in Dr. W. Smith’s ‘ Atlas of Ancient Geography.’ 


The Deserts of Africa and Asia. By P. pe Tonmatcuer, Member 
of the Academies of Sciences of Paris, Berlin, Munich, St. Peters- 
burg, &e. 

[A communication ordered by the General Committee to be printed in extenso among 

the Reports. ] 

THE large sandy surfaces which occupy immense tracts on our globe 

suggest naturally the belief of their being recently dried-up sea-bottoms, 

an impression enhanced by the presence of salt efflorescence and shells 
of still existing mollusks. It is therefore not surprising that the two 
largest deserts of the world, viz., the Sahara in Africa and the Gobi in 

Asia, have been, or are even sometimes now, considered as representa- 

tives of recently raised-up sea-basins. But the latest explorations tend 

to prove the contrary, at least as far as the Sahara is concerned, and the 
little we know of the great Asiatic deserts seems to lead to a similar re- 
sult. My intention is, therefore, to submit a few considerations on the 
geological age of the following three deserts: the Sahara (the Lybian 

Desert included), the deserts situated in Turkistan between the Jaxartes 

and the Caspian Sea, and the Gobi of Central Asia. 

Before speaking of the Sahara, I must observe that this collective 
name is applied to an immense region which forms a very broad strip 
across the whole of Africa, from the Red Sea to the Atlantic, occupying 
an area almost equal to the third of the African continent. This desert, 
the largest of the world, is dotted with oases, scattered on the sandy 
surface like so many islands amidst the sea, and is known only in the parts 
which belong to Algeria, Tunisia, and Tripoli (the last part being called 
the Lybian Desert), whereas the western portion of the desert is still a 
terra incognita ; therefore, I ask you to remember that by the name of 
Sahara I mean only the more or less explored regions, adding, that what 
we know of them is most probably applicable to the unknown or little 
known tracts, the more so since they are almost exclusively composed of 
sand accumulation, the origin and the formation of which we are able to 
study in the Algerian and Lybian Deserts. 

Since Algeria (which I visited two years ago) has been annexed to 
France, our knowledge of this country has made very rapid progress, so 


1 See Marco Polo, 2nd ed. ii. 181, 182. 
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that the ideas which were formerly entertained of the Saharan Desert 
have at present undergone an entire change. It has been ascertained 
that those sand-deposits, which completely hide the solid framework of 
the country, are comparatively local phenomena, and that in the greatest 
part of the Sahara-Lybian Desert the subjacent strata are perfectly con- 
spicuous, either by cropping out through the superficial deposits, or by 
rising as mountains and hills, which almost all belong to the cretaceous 
formation, and cover an immense tract of this part of Africa. M. Rolland, 
who has particularly studied the cretaceous formation of the Sahara, 
speaks! with astonishment of its extraordinary development, not only in 
the French Sahara, where it occupies an area equal to that of all France, 
but also in the whole African Desert, touching the Red Sea on the east 
and the Atlantic on the west. ‘ For in all those regions,’ says M. Rolland, 
‘ cretaceous strata, containing the same fauna and having the same mine- 
ralogical composition, are developed on a line of 60 degrees in length, 
with 3 to 6 degrees in width. No later sediments repose on those rocks, 
with the exception only of some quaternary deposits, filling up, in the 
Lybian Desert, the depressions between the cretaceous mountains.’ 

The western extremity of this immense mountain range being situated 
in Marocco, cannot have been as well examined as the part crossing the 
French Sahara and the Lybian Desert, where the cretaceous formation is no 
less completely developed than in the northern regions of Algeria—regions 
which may be considered in this respect as truly classic ground; for the 
energetic explorations of M. Coquand have ascertained there all the known 
subdivisions of this formation, characterised by fossils more numerous 
and more various than perhaps in any country of a similar extent, the 
amount of new cretaceous species in northern Algeria being, according to 
him, no less than 227. 

The regions of the Sahara not occupied by cretaceous mountains and 
hills consist of large surfaces, more or less horizontal, composed either of 
loose sands or diluvial (quaternary) deposits. These last seem to have 
formed gulfs which, after the emergence of the cretaceous masses, re- 
mained covered by the sea, and were filled up in a comparatively recent 
epoch, for they contain shells of mollusks belonging to still living species. 

As for the rocks which underlie the sandy deposits, what we know 
of them is due to the numerous wells sunk by the French along the 
northern boundaries of the Sahara, particularly in the province of Con- 
stantine. The learned engineer, M. Jus, who during twenty years has 
directed those admirable works, ranges in the pliocene formation the dif- 
ferent rocks (limestone, sandstone, marls, gypsum, &c.), pierced by the 
soundings, as well as the impermeable water-bearing clay which forms 
the bottom of the wells. This clay presents the most astonishing dis- 
crepancies in its level, being sometimes many hundred feet under the 
surface of the soil, and sometimes approaching it very closely. So, for in- 
stance, in the region of Wadi-Rir, two wells named Ain-Kerma and 
Unel-Thiur, are distant one from the other about forty miles, yet the 
depth of the first is only 44 feet, and that of the second 321 feet. In 
the country of Honda, the well named Nemechdib is 10 feet deep, whereas 
the well Barika, almost close to it, is 117 feet. Again, at Batna and at 
Biskra, the soundings have been pushed through more than 540 feet, 
without reaching any subterranean water, so that the works were aban- 


1 Comptes Rendus des Séances de V Acad. des Sc., 1879, vol. 1xxviii. p. 778. 
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doned, most unfortunately for those two cities, which are suffering from 
the want of good water. The same thing happened at Tahin-Bacu, where 
at the depth of 300 feet no water could be reached. 

We must consequently admit that the pliocene impermeable clay, be- 
fore having been covered first by different rocks, and finally by sand, 
has been exposed to some powerful agents which caused its surface 
to undergo the most various changes, so as to produce more or less deep 
excavations in some places, and to leave others (often quite near the 
first) in the shape of high conical masses, with hollowed basin-like 
tops. 

S haisiaee curious phenomenon which the sinking of the Algerian wells 
has revealed is the discovery of fishes, crabs, and fresh-water mollusks, 
at considerable depths. This interesting fact has been ascertained in the 
artesian well called Mezer, situated in the desert of Wadi-Rir, quite near 
one of the brackish lakes (Chott or Sebkha of the Arabs), which are so 
numerous in the region between Biskra and Tuggurt. When the sound- 
ing-line brought those creatures from a depth of about 230 feet, they 
were perfectly alive, and M. Jus even boiled a crab, and found it of ex- 
cellent taste. The fishes were covered with sand and mud, but the shell 
of the crabs was quite bright and glittering, a proof that they inhabited 
pure water. M. Jus showed me all these animals, preserved in spirit, 
and adorning his rich collections at Batna. 

The wells constructed by the French engineers numbered at my last 
visit (1879) in the province of Constantine alone (and there are many 
elsewhere) more than 155; and as the works begun in 1856 have never 
been interrupted, and are rapidly advancing into the interior of the desert, 
the time may not be far off when all these regions, now so barren and 
dry, will be copiously irrigated, an advantage which they certainly enjoyed 
once, seeing that the numerous oases spread over the Sahara and the 
Lybian desert contain many remnants of Greek and Roman constructions ; 
a proof that once they were populated and consequently provided with 
water. This was most probably got by means of the so-called artesian 
wells, which we moderns presume to consider as our own invention, 
whereas they were undoubtedly known to the ancients, and were even 
constructed in the very Desert of Sahara, as it is ascertained from 
Olympiodorus, an historian whose writings have perished, with the 
exception of a few fragments quoted by the learned Greek patriarch 
Photius, one of which contains the following important passage: ‘In the 
oasis of Sahara the inhabitants used to scoop out excavations 100 and 250 
feet deep, from which jets of pure water rose in high columns.’ But it 
was not in the Sahara alone that the ancients sunk artesian wells, they 
multiplied them almost everywhere ; and to those artificial irrigations was 
due the once flourishing state of the plain now so arid, which is covered 
by the ruins of Balbek (the ancient Heliopolis) and Palmyra. The Eng- 
lish travellers, Wood and Darwin, discovered under those heaps of ruins 
numerous traces of ancient artesian wells ; and such traces are so frequent 
in the Arabian desert crossed by the Hebrews under the leadership of 
Moses, that several modern authors, among others M. Joberd, are of 
opinion that the miracle attributed to the celebrated Hebrew legislator 
of having called forth a jet of water from a rock he struck with his staff, 
rey. be explained by the presence of an artesian well previously known 
o him. 

Since the invasion of the destructive Ottoman race, all those monu- 
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ments of ancient civilisation have disappeared, and it is the glorious task 
of France to make them revive once more in Algeria. Her exertions 
have been crowned with success, and, without mentioning any of the 
numerous improvements which this country has received, and which 
really have transformed it in a most marvellous way,! the creation of the 
admirable network of artesian wells established on a line of about 500 
miles of length, and penetrating every day deeper in the desert, would 
be quite sufficient to secure to France a prominent place in the history of 
civilisation, infinitely superior to that occupied by her most splendid 
conquerors. 

The annexation of Algeria is one of those events which philo- 
sophers and philanthropists must hail with joy; to them it matters 
very little if countries rescued from the iron hands of barbarism and 
restored to civilisation may be called Cyprus, Algiers, Tunis, Herat, 
Alexandria, &c., or if the resurrection of such countries is promoted by 
a Latin, German, or Slavonian race; all those petty national distinctions 
and susceptibilities vanish before the eternal tribunal of humanity and 
Christianity, which bestows the laurels of the conqueror only on the 
deliverer and restorer of oppressed nations. 

The artesian wells of Algeria suggest still many other scientific con- 
siderations, but I will limit myself to a few words upon the probable 
origin of the subterranean waters which feed these wells, and of the 
enormous sand-accumulations which cover the deserts. 

In the Lybian desert, which is only the eastern continuation of the 
Sahara, Dr. Zittel is of opinion that between the oasis of Siwah (the seat 
of the famous temple of Jupiter Ammon, visited by Alexander the Great) 
and the Nile there is a large subterranean depression excavated in the 
impermeable clays and marls which compose the underground of the 
great part of the desert; the strata of the northern side of the depression 
dip to the south, so as to prevent the water gathered in it from escaping 
to the Mediterranean ; those waters, which are furnished by ths copious 
rains falling in the mountainous tracts of Central Africa, penetrate until 
they reach the impermeable clays, and in this way are carried to the 
above-mentioned natural reservoir. The supposed stratigraphical condi- 
tions of this depression have been suggested to the German geologist by 
the sections which he observed in the oasis Beharrich, situated near the 
Siwah oasis, where the strata of clay and marl are perceived to dip to 
the south. 

Some such natural reservoir may exist equally in the Sahara, but as 
far as I am aware nothing of that kind has been yet ascertained there, so 
that in the present state of our knowledge we are reduced to the suppo- 
sition that its subterranean waters are chiefly produced by the rains in 
the mountainous country forming its northern boundary, among which 
the Aurés range plays an important part. Most probably the water 
furnished by those mountains (for in the Sahara itself rain is very rare) 
oozes through the different open crevices, joints, vaults, etc., and 
penetrates into the impermeable argillaceous strata. At any rate, the 
above-mentioned presence of fishes and crabs in the well of Mezer, prove 
that a communication between the atmosphere and the subterranean 
waters must exist, otherwise no animal (at least of the higher classes) 
eould live there. 


‘ This I have endeavoured to prove in my work Espagne, Algérie et Tunisie, 
Paris, 1880. 
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The last but not the least important geological element of the Sahara- 
Lybian desert, is the sand, which contains no organic remains, except at 
places where it is intermingled with underlying older diluyial deposits. 
Those enormous sandy accumulations doubtless are not of marine but of 
subaérial origin. Still their vast proportions render it difficult to decide 
the question whence they came and how they have been formed. Dr. 
Zittel, to whom we owe valuable observations on the Lybian desert, 
thinks that these accumulations of sand are on too large a scale to be 
explained by Baron Richthofen’s theory of the formation of the Léss in 
China, though he concedes to the action of winds an important part in 
the African deserts also. In consequence Dr. Zittel admits that those 
sands have been transported not only by atmospheric movements but also 
by water-floods. And as the desert sands consist of quartz which could 
not have been furnished by the limestone and marly rocks prevailing in 
the desert, he supposes that it may have been derived from the so-called 
Nubian sandstone which composes the mountainous range situated in the 
southern part of the Lybian desert, and which, after long discussions 
among geologists, has definitely been placed in the cretaceous forma- 
tion. Dr. Zittel thinks that the disintegration of this sandstone has been 
produced by water, the erosive power of which has left in the desert so 
many conspicuous traces, as, for instance, the high and steep sides of the 
oasis, the deep depressions, and particularly the isolated rocks he calls 
‘insular mountains,’ considering them as the scattered remnants of once 
connected masses, so that, according to him, such gigantic denudations 
and erosions can only be the work of violent fresh-water floods coming 
from the south and carrying the large quantity of petrified tree-trunks 
so frequent in the Lybian desert. Several objections arise against this 
theory, at least as far as the Sahara is concerned, the southern boundaries 
of which are not composed, as in the Lybian desert, of sandstone, but 
chiefly of limestone, marls, and clay, and consequently could not furnish 
the quartz grains yielded by the Nubian sandstone. Moreover, the 
violent fresh-water floods proceeding from the south, which, according 
to Dr. Zittel, caused in the Lybian desert the above-mentioned enormous 
denudations and erosions, suppose an extraordinary change in the climate 
of that country; for, though Dr. Zittel admits that in Egypt, and con- 
sequently in the neighbouring countries, the atmospheric humidity was, 
at a comparatively recent epoch, much greater than now, such power- 
ful floods could only be produced by rains unknown in the most rainy 
regions of our globe. At all events M. Rolland thinks that as far as the 
Sahara is concerned, the quaternary and alluvial sandstones which the 
desert contains are sufficient for the production of sand-accumulations, 
which, according to him, are derived from actual atmospheric agencies, 
namely, first, by disintegration, and then by the winds scattering the 
grains over the surface of the desert. 

The hypothesis of the subaérial origin of those sands receives a strong 
support, as well from the facts ascertained in reference to the large 
distances to which such sands may be carried as from the comparative 
study of atmospheric sands fallen in different countries. Now, even in 
the twelfth century the celebrated Arab geographer Edrisi spoke with 
astonishment of the clouds of red dust and dry fog which frequently 
obscured the sky of the Atlantic between the Green Cape and South 
America, a tract which Edrisi qualified for that reason as the Dark Sea 
(Bar-el-Mecdolin), and after him the authors of the middle age as Mare 
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tenebrosum. This phenomenon, which has occupied for a long time the 
attention of physicists and naturalists, whose opinions are as con- 
tradictory as unsatisfactory, has been recently studied by Dr. Gustav 
Helleman, who, in an elaborate work, gives not only a chronological 
enumeration of all the observations published on that subject from 1854. 
to 1874, but represents them graphically on a most instructive map. The 
eritical analysis of these numerous materials has suggested to the 
Prussian philosopher, conclusions on the origin of this curious pheno- 
menon, thoroughly opposite to those hitherto deduced by all his pre- 
decessors, including the learned Ehrenberg. These conclusions are: that 
the above-mentioned clouds of dust proceed from the Western Sahara, and 
even partly from the French Sahara, for Dr. Helleman informs us that, 
having consulted the meteorological registers kept in the French stations 
of Laguat, Tuggurt, Wargla, etc., he ascertained numerous days marked 
in those registers as particularly characterised by Sirocco winds, accom- 
panied by an atmosphere rendered dusty by sand. 

Another observation in reference to the composition of sands trans- 
ported by winds from various countries yielded equally remarkable 
results to Gustav Tissandier. Hxamining microscopically the dust 
which fell the 9th of October, 1879, at Boulogne-sur-Mer, and comparing 
it with the sand of the Sahara, he found that-both were exactly of the 
same composition, only the last was of a coarser grain, and that the frag- 
ments of cryptogamic plants were in both identical. Moreover, the 
French physicist ascertained that when sand from the deserts of Sahara 
and Gobi was thrown into water, only the coarser particles fell to the 
bottom, and the water remained turbid in consequence of a certain 
quantity of thin mud swimming in it; this last, having been micro- 
scopically examined, turned out to be very like certain earthy particles 
contained in rain-water, which sometimes is so rich in organic substances 
that such rains have been qualified as manure rains. The result 
which Tissandier deduces from repeated experiences is, that ‘the winds 
bring about a real selection of the smallest and lightest bodies of the 
desert, upraising in the air only the minutest particles, among which are 
the vegetable remnants, so that the atmospheric movements may convey 
a dust very rich in organic substances, even when they have been bor- 
rowed from a sand containing little of them, and that only because the 
selection has been applied to large masses.’ This curious observation 
may suggest the inference that, at least in certain places, the sand of 
deserts is not so barren and hostile to vegetation as it at first appears. 
At all events, the absence of any animal traces in the Sahara and Gobi 
sands examined by M. Tissandier, proves most evidently their subaerial 
origin, for had they been deposited in sea-water they would include 
numerous microscopic shells of Rhizopoda, which are so abundant in sea 
sand, that Alcide d’Orbigny counted in one ounce of sand gathered in the 
Antilles Islands, more than three millions of them ; and similar facts may 
be ascertained in Europe, where, among other littoral regions, the sand of 
the Adriatic shores contains numberless quantities of Rhizopodous shells. 

Again, M. Tacchini attributes an African origin to the highly ferrugi- 
nous dust which not long ago fell in many places in Italy. What seems 
to indicate such an origin is the fact that numerous globules of magnetic 
iron have been found along the shores of Algeria and Tunis. The Italian 
astronomer observes, that this fact has a certain importance, for it would 
prove that in some cases a terrestrial but not a cosmical origin may be 
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ascribed to the meteoric iron globules which occur in the sand of remote 
localities, and under the most different conditions, as, for instance, in snow. 

These sandy superficial deposits form the last chapter of the geological 
history of the Sahara, for, so far as I know, no well-ascertained traces 
of the glacial period have been discovered either in Algeria or in the 
Sahara-Lybian desert, so that the absence of the glacial period in those 
parts of Africa furnishes an additional proof of the local and comparatively 
limited character of this important phenomenon, a fact on which I have 
repeatedly insisted in numerous publications.! 

But if after the formation of the superficial sandy masses the Sahara 
had acquired the most prominent features of her present physiognomy, 
still, since that time, not only the hydrographic and climatic, but also 
some topographic conditions of that country have undergone very im- 
portant modifications, as may be deduced from many facts, among which 
{ will mention only those pointed out by Rolland and Clavé. The first 
calls our attention to the numerous incrustations of travertine, evidently 
produced from sources which have disappeared, and to the immense 
quantity of siliceous fragments worked and shaped by human hands, and 
scattered about large tracts of the desert, where it is not likely that they 
could have been distributed, if the now uninhabitable country were not 
once inhabited. M. Rolland sums up the conclusions derived from a great 
number of similar facts in the following words: ‘ The climate of Algeria 
must have suffered a considerable deterioration since the times of the 
Romans.’ M. Clavé is of the same opinion. He mentions with astonish- 
ment the quantity of fragments of arrows made of polished flint, scattered 
over the whole space between Biskra and Wargla; and what is still more 
significant, he has observed in the neighbourhood of Oglu-el-Kassi, 
those fragments covered by a coating 16 inches thick of gypsum, 
evidently deposited by sources of which all traces have vanished. ‘ Those 
flint-fragments invested by gypsous incrustations,’ says M. Clavé, ‘are 
most probably the oldest known witnesses of human industry.’ Now, the 
Lybian desert yields to Dr. Zittel exactly similar conclusions. The 
learned German geologist observes that between the oasis Chargeh and 
the valley of the Nile, the basaltic tufa include leaves of plants, among 
others, of the evergreen oak (Quercus ilex), which no longer exist either 
on the oasis or in Upper Egypt. ‘Caves bristling with stalactites in 
a country perfectly devoid of water,’ says Dr. Zittel, ‘but particularly 
the polished and well-worked flints accumulated on different points of the 
now thoroughly dry and empty desert, speak distinctly of a much more 
favourable climate than the present one.’ 

No doubt such climatic changes ascertained in the Sahara-Lybian 
desert must suppose similar changes in the countries surrounding the 
Mediterranean basin, as among others: Egypt, Syria, Asia Minor, &c. 
And that is really the fact; the arguments supporting it being as 
numerous as convincing. It would not be consistent with the limits im- 
posed on this paper to mention even a small number of them, so that I 
must content myself with the following observations. 

In his remarkable work on the climate of the Mediterranean coun- 
tries,? Theobald Fischer, after having studied the changes which they 
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have undergone on that account during historic times, comes to the 
conclusion that such changes have not been very conspicuous in the 
regions of the northern shores of the basin, where the climatic modifi- 
eations, which I had pointed ont in Asia Minor, are considered by him as 
only local and exceptional phenomena, but that it is quite different in the 
regions situated on the southern shores of the Mediterranean, to the 
south of the 34th parallel, where rains, even in their normal state, are so 
inconsiderable, that the smallest reduction of their amount is sufficient 
to alter the climate. Among the countries liable to such reductions, 
Fischer quotes Syria and Palestine, countries full of traces of ancient 
rivers and artificial irrigation, indicating a region once thickly popu- 
lated, but which now is transformed into a dry desert, not only by 
the fault of men, but also in consequence of a complete change in the 
atmospheric conditions. Fischer also points out the numerous deeply 
excavated Wadi in the whole of Africa, which doubtless represent 
so many beds of ancient rivers, in a time when rains were much more 
frequent than now. This important fact had been (many years before 
the publication of Fischer’s work) elucidated and discussed, in a masterly 
way, by Livingstone.' 

According to Fischer, the increase of the atmospheric dryness in 
North Africa is equally proved by the disappearance of the large 
mammals and the late introduction of the camel in those regions. This 
animal, now quite indispensable for all travelling purposes, seems to have 
been unknown in Africa almost until the Christian era, for no figure of 
it has hitherto been discovered on the monuments of Egypt and Meroé, 
and Polybius, speaking of the Carthaginian cavalry, mentions elephants 
but never camels. I had previously the opportunity of pointing out this 
interesting fact in Asia Minor,? quoting numerous classic authorities, 
and among others Herodotus and Xenophon, who both attribute the 
victory of Cyrus, in the battle of Sardes, over the Lydian king, to the 
presence in the Persian army of camels, the sight of which struck the 
Lydian cavalry with terror and made them fly. Even in the sixth cen- 
tury of our era, the historian Procopius mentions a similar impression 
produced on the Roman cavalry by the sight of the camels employed in 
the Arabian army ; but what is still more remarkable is, that as late as in 
the twelfth century, Glycas reporting in his ‘ Annals’ the battle of Sardes, 
together with the statements of Herodotus and Xenophon, in refer- 
ence to the impression produced by the Persian camels, does not add to 
this quotation any remark upon the difference between the habits of the 
camels of the ancient and those of his time, which seems to prove that he 
did not find anything extraordinary in such statements, and that con- 
sequently even in the twelfth century, the camel had not acquired in the 
East the perfect indifference it now shows for horses, which I have often ex- 
perienced, keeping camels and horses tied up together without causing 
either the least annoyance. 

Theobald Fischer quotes the authority of Herodotus and Pliny, and 
also many ancient monuments adorned with animal figures, in order to 
prove that in historical times North Africa was inhabited by the elephant 
and rhinoceros, and, what is still more significant, by crocodiles; for 
those amphibians suppose the existence of rivers not liable to be dried 

1 The last Journals of David Livingstone in Africa, &c., by H. Waller, London, 
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up. It is impossible to attribute the disappearance of all those animals 
only to the action of man; the less so as the countries where they have 
been mentioned were infinitely more populated than they now are, and 
therefore offered to wild beasts a less favourable abode than now. We 
are consequently compelled to admit an alteration in the climatic con- 
ditions of the country, namely, an increase of atmospheric dryness, 
which may account for the late introduction of the camel in North Africa 
and Asia Minor, as well as for the disappearance of the elephant. In 
support of this opinion, Theobald Fischer reminds us, that both in 
Asia and Africa the elephant excludes the camel, and vice versd, so that 
in the upper part of the valley of the Nile, where the elephant prospers, 
the camel thrives with difficulty. 

Dr. Oscar Fraas, the learned German geologist, also quotes! the 
absence on the Egyptian monuments of any figure of the camel, and 
that not only in the famous ruined city Sakkarah, the walls of which 
are covered with pictorial representations of different animals, but also in 
Thebes, founded 3,000 years after Sakkarah. This fact proves that at that 
time the desert did not exist, the presence of which is moreover excluded 
by the numerous splendid monuments, which certainly their constructors 
would not have built in the midst of inhospitable solitudes, any more than 
the Emperor Hadrian would have erected near Rome the famous Villa 
Hadriana amidst marshes, had they existed then as now. Oscar Fraas is 
of opinion that in Egypt the climatic conditions were quite different from 
the present, even in the time of the Greeks, when Alexandria was the 
brilliant focus of science and art, radiating her light on the whole world 
then known. He believes that the extraordinary intellectual activity 
which animated this city, supposes another climate, with a moister air. 
‘ Onthe present soil of the Nile land,’ says Oscar Fraas, ‘no philosophical 
system can be born, and no human power could erect universities capable 
of coping with those of Europe.’ 

The conclusions suggested by Egypt are applicable in a still higher 
degree to the neighbouring peninsula of Sinai. When we consider that 
in this perfectly arid, waterless peninsula, the people of Israel, counting 
60,000 fighting men, remained, after the exodus from Egypt, several 
years, it becomes quite impossible not to admit that in those times 
Sinai was a fertile Alpine region, provided with rich pasture-grounds and 
irrigated by copious sources: in no respect could such a country have 
the slightest resemblance to the barren desert it is now. 

The few instances I have reported are sufficient to prove that the 
climate of the Sahara-Lybian desert, as well as that of the countries 
surrounding the Mediterranean, have really undergone important altera- 
tions, even during historical times. Now there are proofs that similar 
changes in the level of the ground and in the vegetation of these 
regions have taken place at a comparatively recent epoch. Theobald 
Fischer, whom I have already had occasion to quote, has devoted to the 
study of the topographical modifications of the Mediterranean countries 
the same talent and erudition with which he has treated the question of the 
successive climatic changes which have occurred there. In his paper, pub- 
lished by the Geographical Society of Berlin,? he elucidates this subject in 
a masterly way, and the map annexed to his paper represents graphically 

» Aus dem Orient : geologische Beobachtungen am Nil, auf der Sinai-Halbinsel und 
in Syrien (Stuttgart : 1867), pp. 214-216. 
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the numerous alternate immersions and emersions positively ascertained 
in the littoral regions of almost all the countries surrounding the Mediter- 
ranean. On the African shores this phenomenon is particularly striking, 
as much by its intensity as by the variety of its manifestations, the 
movement of the rising and the sinking of the soil occurring alternately 
on the same littoral line, in localities not far distant the one from the 
others. Gerhard Rohlfs, the well-known African explorer, has ascertained 
the sinking of the whole shore of Tripoli to the Gulf of Great Syrtis, 
and, according to him, this sinking is so conspicuous that he was 
perfectly able to appreciate it during his repeated visits to the country. 
He quotes very remarkable instances of this phenomenon and says: ‘I 
do not think that anywhere on our globe such a rapid sinking of the soil 
has ever been observed.’ 

Now, a quite opposite movement of the soil occurs in the neighbouring 
Tunisian shores. Here M. Barth has discovered near the modern town 
of Gabés ruins of a much older one, which he identifies with the ancient 
city Tascape, a city situated, according to the Greek and Roman writers, 
on the sea-shore, which is no more the case with the modern Gabés. 
Sir Granville Temple has observed traces of an ancient gulf penetrating 
from Gabés in the interior of the continent, and connected with the lake 
or Chott el Fedjedj (the ancient Tritonis lacus), a connection which has 
been interrupted by the rising of the tract, which, under the shape of 
an isthmus, now separates the Gulf of Gabés from the lake. Nearer 
Tunis we find the bay of Porto Farina, which, two centuries ago, was 
considered as an excellent port, 30 to 50 feet deep, so that in the year 
1655 Admiral Blake could very comfortably anchor there, with his naval 
force, composed of nine men of war. At present, the Porto Farina has 
hardly a depth of 2 feet, and the time is not far off when the whole bay 


- will be joined to the continent. Again, the celebrated city of Utica, 


which, under the Carthaginians, possessed a splendid port, is now converted 
into a large sandy plain, and the ruins of the once littoral city are more 
than twelve miles distant from the sea. There are few places in the 
world which offer a more melancholy contrast between the present and 
the past than this sandy, perfectly shadeless plain, which I crossed under 
the scorching African June sun, without meeting a single living creature, 
and which recalled similar impressions in the classic regions of Asia 
Minor, where not only man, but also Nature, has for so many centuries 
practised the work of destruction. But if Nature destroys she equally 
creates, and in a topographical sense Asia Minor offers, on that account, 
the most striking examples. During the ten years I devoted to the 
exploration of that magnificent country, I was able—the ancient geo- 
graphers and historians in my hand—to ascertain the modifications which 
the surface of this country has undergone, only since the Christian era. 
Those modifications are so considerable, that taking into account the 
increase of solid land, produced only by the formation of large river 
deltas, and the filling up of seas and gulfs, it can be said, without 
exaggeration, that the surface of Asia Minor has conquered, during this 
comparatively short time, the amount of a little province, a kind of 
conquest which is still rapidly continuing, so that one day may be realised 
the prophecy of Strabo, who, eighteen centuries ago, declared that the 
time shall come when the shores of Cilicia may reach the island of Cyprus, 
an event likely to give great trouble to diplomatists, if such functionaries 
are then still existing. 
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To those remarks on the different physical changes undergone by the 
Sahara-Lybian desert and the Mediterranean regions during the latest 
geological periods, and even historical times, I may add a few words 
about some botanical modifications, which probably took place after the 
formation of the Mediterranean Sea, considered by several naturalists as 
comparatively recent. The fact is, that the two shores of this Sea 
present a great difference in the amount and the distribution of certain 
vegetable families, a difference which climatic conditions are not sufficient 
to explain. Among those vegetable families I will quote only the 
Cupulifere and the Conifere. In the first, the genus Quercus, or oak, is 
particularly conspicuous on that account. In geological aspect the oak 
may be considered as of recent origin, for among the thirty-four species 
admitted by Count Saporta, all, with the exception of one only (Quercus 
primordialis), appear, for the first time, as late as in the more recent 
tertiary formations (miocene and pliocene). Now, Algeria has hardiy 
nine species of oak, but Spain, sixteen species; France, twelve ; Greece, 
probably more than fifteen; whereas Asia Minor, where the genus 
seems to have acquired its maximum of development, has fifty-two 
species, of which twenty-six are peculiar to the Anatolian peninsula.! 

As for the family of Conifere, the cedar presents a striking example 
of localisation, for, on the whole Mediterranean coast-line, there are only 
four points where this beautiful tree grows truly wild, viz., the Lebanon 
(Syria), Algeria, Cilicia (southern Asia Minor), and Cyprus; the exist-, 
ence of the cedar in that last island having been recently ascertained by 
Sir Samuel Baker. The Lebanon had been considered as the cradle of 
the cedar, before North Africa was known to contain large forests of a 
variety of that species (Cedrus Libani, var. atlantica), but the Austrian 
botanist Kotschy and I were so fortunate as to discover in Cilicia a 
new locality for this fine tree, much more important than any known 
previously, as I believe to have proved,? when comparing the Algerian 
cedar forests with the Anatolian, so that if these last had been known 
when the botanist Loudon established the new species of cedar, he would 
have called it Cedrus Ciliciw instead of Cedrus Inbani. 

The two instances of curious localisation, which I have just alluded 
to, are sufficient to prove that such phenomena took place after the for- 
mation of the Mediterranean Sea; for had the cedar been spread out on 
the continent which once united Europe to Africa, this tree must have 
remained, after the separation of the two continents, on many points of 
the northern shores of the Mediterranean, as, for instance, on the moun- 
tains of Greece, on the Apennines, the Pyrenees, &c., where the con- 
ditions of climate and soil are as favourable to the cedar as they are 
in North Africa, Asia Minor, or on the Lebanon ; whereas, if we admit 
that the cedar appeared on its present stations after the formation of the 
Mediterranean, the impediments opposed by the sea to the diffusion of 
the tree on both sides of the Mediterranean account sufficiently for its 
localisation. 

A similar reasoning may be applied to the absence of monkeys on 
the northern shores of the Mediterranean, and their abundance on the 
southern. It is known that the only point in Europe inhabited by wild 
monkeys is the rock of Gibraltar; still they are there by no means in- 
digenous, but most probably have been imported by the Arabs during 

1 Tchihatchef, Asie Mineure, partie botanique, vol. ii. pp. 463-480. 
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their long domination of Spain, so that had this interesting colony not 
been artificially maintained, there would be now-a-days not a single 
monkey on this rock; the fact is, that in 1856 they had almost entirely 
disappeared, when Sir William Codrington caused a new importation to 
be made from northern Africa. Just as the cedar, the monkeys of 
Gibraltar (the Macacus inuus of Algeria) would be found now as 
indigenous inhabitants on many shores of Greece, Italy, Spain, &e., 
had they existed before the separation of Europe from Africa. An 
additional proof of the recent immigration of the monkey in Africa is, 
that the quaternary fauna of the caves of Gibraltar, so carefully studied 
by English geologists (Busk, Smith, Leith Adams, &c.), has not yielded 
any remains of quadrumana; and A. R. Wallace admits! that, even 
at the Miocene epoch, monkeys as well as the large mammals now 
characteristic of Africa (lion, elephant, hyena, rhinoceros, hippopotamus, 
&c.) were spread over Central Europe, but still did not inhabit Africa, 
into which they migrated at a comparatively recent time. 

I will here conclude my very rapid physical sketch of the Sahara- 
Lybian desert by a summary of the most prominent features of the 
geological history of that country ; but before doing it, I wish to say a 
few words about the important scheme of the creation of an inland sea in 
the Sahara, which has been proposed to the French Government by 
Commander Roudaire. As I have fully discussed the question in my last 
work upon Algeria,? I will content myself only with the following 
remarks, 

The project of this distinguished engineer consists of introducing the 
water of the Gulf of Gabés into the interior of Tunisia and Algeria, by 
cutting through the isthmus which separates the gulf from the large 
lake Hl-Fedjedj (Tritonis lacus of the ancients), situated under the 
sea-level, as are a whole series of lakes (Chotts) extending in a direct line 
from east to west, from the El-Fedjedj far into the interior of Algeria. 
Now, Commander Roudaire thinks that the consequence of cutting the 
Isthmus of Gabés, the breadth of which is about 18 miles, would be to 
spread the sea-water over a space of about 380 miles (320 kilométres) 
of length from east to west, and about 70 to 80 miles (50 to 60 kilo- 
metres) of breadth. The chief result of such a work would be, according 
to Commander Rondaire, a great improvement in the climate of this 
part of Sahara, because this large water-surface would give rise to an 
enormous evaporation, which, transported by the south, south-east, or 
south-west winds, into the northern regions of Algeria and Tunisia, must. 
needs become condensed in passing over the Aurés Mountains, and be 
dissolved in copious rains. Moreover, Commander Rondaire declares that 
the creation of this large gulf or inland sea would be nothing else than 
the re-establishment of what has previously existed ; for, supported by 
the authority of Ptolemy and other ancient geographers, he believes that. 
formerly the Isthmus of Gabés did not separate the sea from the lake of 
Tritonis (El-Fedjedj), and that, consequently, the sea penetrated very far 
into the interior of the Sahara. 

At all events, the chief point on which the success of the whole enter- 
prise depends is the question, whether the prevailing winds in this part of 


1 Quart. Journ. of the Geol. Soc. 1878, vol. xxxiv. p. 34. 
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the Sahara are really from the south; for if not, the winds, instead of 
carrying the aqueous vapours to the north, would drive them in the 
opposite direction—to the Sahara—without submitting them to the 
condensation produced by the Aurés Mountains, so that the creation 
of the large mass of vapours would be of no benefit at all to the 
country. Unfortunately this most important meteorological question is 
still very far from being decided; indeed, many scientific men in France 
admit that at Biskra and Tuggurt the north-west, north-east, and north 
winds are prevalent. 

As for the statement that the Gulf of Gabés communicated formerly 
with the Tritonis lacus (H]-Fedjedj) and penetrated deeply into the interior 
of the Sahara, this statement of Commander Roudaire, which has been 
strongly attacked both in France and Germany, is, as I think to have 
proved,! perfectly founded and abundantly supported not only by historical 
but also by geological facts. 

Let us now resume, in a few words, the most prominent features of 
the geological history of the Sahara-Lybian desert. 

1. The records of this history are very old, for the southern region of 
the present Sahara was represented during the Devonian period by a 
certain number of isolated masses of limestone, gneiss, and mica-schist, 
the limestone containing Devonian fossils. Those masses preserved 
their insular position through all the succeeding ages, and never sank 
again under the sea. 

2. It was during the cretaceous epoch that a large portion of the 
present Sahara was upheaved in the shape of variously ramified masses, 
so that the sea of the following geological periods could penetrate into 
their interior, forming numerous gulfs and bays. 

3. The Sahara was represented down to the quaternary epoch chiefly 
by those cretaceous masses which since their upheaval have never been 
covered by the sea. During the quaternary period, among the gulfs 
which washed the shores of the cretaceous land, the largest occupied the 
present country of Igharghar; the northern extremity of that gulf reached 
the place of Biskra, and the southern the cretaceous plateaux of Tademayt 
and Tinghert ; the town Wargla occupying almost the central part of the 
gulf. As the last was entirely secluded from any communication with 
the sea from the north, the littoral part of Algeria having been upraised 
long before, and consisting then, as now, of more or less high mountains, 
this large quaternary gulf could not find any other way into the interior 
of the Saharan cretaceous continent than through the present Gulf of 
Gabés; and the narrow strip of diluvial deposits which, surrounded by 
cretaceous rocks, extends from Gabes to the salt lake of El-Fedjedj 
(Tritonis lacus) proves that here was really the entrance of the quaternary 
gulf. This geological fact is important with reference to the question, 
so long discussed, of the ancient communication between the lake and 
the sea; it confirms the hypothesis of Commander Roudaire, and I am 
not aware that this argument, which I consider as the strongest of 
all, has ever been urged in his favour. The upheaval of the quaternary 
large gulf (and of many other smaller ones) was the last marine phase 
which the Sahara underwent. 

4, Once entirely raised up in all its parts, the Sahara had still to 
undergo a subaérial operation which consisted of the formation and 
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accumulation of sands. It closes the fourth and last stage of its long 
geological history, without speaking of the different climatic and topo- 
graphical modifications of quite recent times. This history, as it has been 
shown, proves that there can be no longer question of a recent rising 
of the whole Sahara from the bottom of the sea. It is true the Lybian 
desert is probably somewhat younger than its Saharan sister, for tertiary 
uncovered deposits (eocene and miocene) have there a larger development 
than the cretaceous strata; but, even admitting that the Lybian desert 
has been upraised after the Miocene period, it cannot be called recent, 

If I have perhaps devoted to the Sahara-Lybian desert more time 
than I ought to have done, it is because, among the chief deserts of 
Africa and Asia, this is by far the best known, so that I have only a few 
words to say about the Turkestan deserts and the Gobi. 

The two largest deserts of Turkestan are situated between the Syr 
Daria (Jaxartes) and the Caspian Sea—roughly speaking, between the 45th 
and 48th degrees of northern latitude, and consequently under the parallel 
of North Italy and Switzerland. The one--the more eastern—named 
Kizyl-Kum (signifying in Turkish ‘red sand’), is included between the 
‘Syr Daria and the Amu Daria (Ozus) ; it is limited on the north-west by 
the Aral Sea, and extends in the southern direction to Bokhara, having 
from north to south a length of about 400 miles, and from east to west 
about 300. The other desert, almost ofthe same development, is situated 
between the Amu Daria and the Caspian Sea, and extends from the 
country of Khiva to near that of Merv; the Turcomans generally call it 
Kara-Kum (black sand). 

I have not visited either of these deserts during my long ramblings 
in the East, and I am not aware of anything known as far as their 
geological constitution is concerned. A short notice, however, published 
about them in the valuable geographical contributions of Petermann,! 
contains a few facts which may throw sone little light on that subject. 
The sands which cover certain parts of the lesert are reported as ineluding 
shells of mollusks still living in the Aral Se:, but where sands are wanting, 
clay slates (Thonschiefer) form perfectly urcovered surfaces. Very good 
water is found everywhere under the sand :t a depth of less than a foot, 
but it is reached only at 2 to 4 fathoms in tle clay slates, and is briny and 
bitter; this difference seems to prove thatthe sands contain much less 
salt than the clay slate, probably because the salt spread about among the 
ight quartz particles is more easily dilutec by the atmospheric waters 
than the salt contained in the compact rock ¢ clay slate. 

It is most probable that this clay slate bebngs to the Paleozoic epoch, 
and that consequently the two Turkestan deerts have been upraised at a 
very ancient geological period. As for the smds containing remnants of 
mollusks still inhabiting the Aral Sea, they may have been, partly at 
least, deposited at a time when the Caspiar and Aral formed a single 
water-sheet. 

In the whole steppe designed by the ollective name of Khirgis 
Steppe, of which the Kizil-Kum and the Kra-Kum form only a part, 
the climate offers the most violent contrasts. The heat begins in May, 
when the temperature rises above 122 degres (50° Centigrade) ; and it 
is precisely under such a temperature that may of the plants peculiar to 
the sandy and salt soil—as, for instance, the Alhagi camelorum—give to 


! Petermann's Mittheilungen, &c., 1878, vi. xxiv. p. 293. 
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the desert a certain green appearance. In spring the hot days are followed 
by cold nights, so that the difference between the average temperature of 
day and night is enormous. In summer this difference is not so great, in 
consequence of the intense heat of the sand. Dew has never been observed. 
Tn the middle of September begin the long night frosts. In January the 
thermometer falls 36 degrees under zero Fahrenheit (—38 Centigrade), 
but there is little snow. In general, the climatic contrasts between the 
Turkestan deserts and the French Sahara are much stronger than the 
differences between their respective latitudes would lead one to expect. 
Thus, for instance, there are about 12 degrees difference between the 
latitude of Biskra and that of the Turkestan deserts, and still, at Biskra 
frost is almost unknown, the mean annual temperature being 70 degrees. 

It is evident that, with such climatic discrepancies, the vegetation of 
the Turkestan deserts, compared with that of the Sahara, must offer great 
difference, but here also this difference is much stronger than it ought to 
be, taking particularly into account the high temperature of the Turkestan 
summers; and still, among the plants quoted in the above-mentioned 
paper, there is not a single species common to the Turkestan deserts and 
the Sahara. The flora of Kara-Kum seems to be so poor that, compared 
with that of the Sahara, the Algerian desert appears sometimes like a 
flourishing garden, particularly if we consider, not the large barren portions. 
of the central and western Sahara, but the region situated near the 
northern boundary of the French Sahara, as among others, between Biskra. 
and the oasis of Sidi-Okba and Zadja, where I was struck by the variety 
and beauty of very peculiar plarts which, like brilliant jewels, glitter in 
the midst of the sea of sand.! 

Now, if from the Turkestax deserts we direct our steps to the east, 
we reach the long chain of mountains which separate Siberia from Central 
Asia, a chain composed of the mountain groups collectively called Altai, 
Sayan, and Jablonovoi, the two first of which I have visited, but without 
crossing them, in order to desend into the desert of Gobi. This immense 
desert—the largest in the worl after the Sahara—begins almost imme- 
diately at the southern foot of the just-mentioned Siberian mountain 
range, and extends to the south to the chain of Kuenlun and its eastern 
ramifications, having from wrth to south about 1,800 miles, and about 
4,000 miles from east to vest—viz., from the mountainous chain of 
Changan to the country of Yarkand. The geographical position of the 
Gobi desert is, in the ee se the 35th and 45th degrees of northern 
latitude, and consequently amost under the latitude of Italy—a fact ren- 
dering still more remarkabl¢the climate of the desert, which exemplifies. 
in a most extraordinary way and even more than in the Turkestan deserts, 
the influence of eastern longjudes, combined with the powerful radiation 
of large, more or less flat, sufaces ; for, though under the latitude of Italy, 
but about 40 degrees more p the east, the Gobi offers the strongest con- 
trasts between the seasons : fe summer reminding one of tropical heat, and 
the winter of the cold of theolar regions, and that not only on account of 
its intensity, but also its dration—a fact of which Colonel Prejevalsky 
gives us the following strxing example:—In the mountainous tract of 
Gansu, at a height of notmuch more than 3,000 feet, on May 16, the 
thermometer indicated 25 egrees (— 4° Centigrade), and on May 28, the: 
snow falling copiously foraed on the soil a coating 53 inches (16 centi- 


1 T have given an account o/this curious desert flora in my last work upon Algeria, 
pp. 299-300, and 303-306, 
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métres) thick, and the thermometer sunk to 22°46 degrees (— 5:3 Centi- 
grade). Now, this winter manifestation occurred under the latitude of 
38 degrees (consequently under that of Palermo), and what is equally 
very peculiar is, that it did not cause great harm to the vegetation, for 
the Colonel gathered at this very time 76 plants—a curious example of 
the elasticity which certain plants possess of accommodating themselves 
to such extremes of temperature. 

As the distinguished Russian traveller has seen of the Gobi desert 


‘more than any of his predecessors, I beg leave to quote his own words, 


which give a graphic portrait of the desert!: ‘The general impression 
produced by the Gobi on the traveller has something gloomy and oppres- 
sive. During whole weeks the eyes repose on the same objects: unlimited 
yellow-coloured plains, furrowed rocks or steep hills, on the top of which 
one perceives sometimes the flying form of the antelope (Antilope guiturosa). 
The heavily laden camels cross, with measured solemn steps, hundreds 
and hundreds of miles, and still the desert does not change, keeping always 
its stern and monotonous appearance. The sun sets, the dark shadows of 
the night fall, the cloudless sky lights its million of stars, and the caravan 
stops. Happy to get rid of their loads, the camels lie down around the 
tents, and their drivers are occupied in preparing a frngal meal. One 
hour more, and men and animals are soundly asleep, and all around reigns 
the deathlike silence of the desert, as if no living creature were present. 
Across the whole of Gobi, from Urga (near the Siberian frontier) to 
Kalgan (near the frontier of China), there are, except the great post road 
maintained by the Mongols, several other caravan roads which are usually 
followed by the caravans carrying tea. Along the post road are stations 
erected at certain distances, the total number of which amounts to 47 ; 
and each of these is provided with a well and with a certain number 
of Mongol tents (Yurt), which represent our post-houses.’ 

This long post-road between Urga, Kalgan, and Peking was, during a 
long time, the only way by which travellers used to cross the Gobi in its 
whole breadth from north to south. But in the numerous publications of 
those travels, nothing is mentioned except the immense sand-accumulation, 
without the least hint in reference to the solid rocks on which those sands 
repose, or to any organic remains. In fact, it seems really that this 
monotonous road does not offer any interest whatever, for even the sharp- 
sighted Colonel Prejevalsky was not able to detect there anything of 
scientific importance; all he says of the country between Urga and the 
frontier of China is, that the soil of the Gobi consists of reddish, coarse- 
grained sand and pebbles belonging to different rocks. Fortunately, 
when, after concluding his extensive travels, the Colonel returned to 
Russia, he did not follow the trodden road from Peking to Urga, but took 
a much more westerly one, so that he crossed the desert in a direction in 
which it has never been visited previously, viz., from the mountains of 
Alashan to Urga. He describes this part of the desert as having a very 
undulated surface, and at certain points intersected by considerable heights 
composed chiefly of porphyry. In a depression he observed gneiss cropping 
out through the superficial deposits, and here and there this rock rising 
like little islands amidst the sea of sand. 

Such denudations of the substratum are of the greatest importance 
to our knowledge of the solid framework of the desert; for if we could 

1 Col. N. Prejevalsky, Reisen in der Mongolei, from the Russian, by Albin Kohn, 
2nd edit., p. 15. 
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ascertain that the rocks cropping out through the sand do not differ 
geologically from those which compose the border mountains of the desert, 
we should be induced to conclude that the one is merely a continuation of 
the other. Therefore let us throw a glance on the mountains which form 
the boundaries of the desert, beginning with the northern or Siberian side. 

Here, I have been able myself to ascertain the Paleozoic age of the 
Altai and the Sayan ranges,! consisting chiefly of clay-slate, limestone, por- 
phyry, &c., and it is probable that the Jablonovoi chain, which is an 
eastern continuation of the Sayan, belongs equally to the same age. 

The latest explorations of the Thian-Shan, or celestial range, the 
various ramifications of which form the southern and western boundary 
of the Gobi, tend also to prove that they are referable to an old geological 
formation. Colonel Prejevalsky, who more than once crossed the moun- 
tains of the south-eastern part of this boundary, mentions as the chief 
rocks composing them, granite, syenite, granulite, porphyry, diorite, 
mica-schist, clay-slate (Thonschiefer), chloritic schist and coal deposits. 
These are the geological elements which, according to Colonel Preje- 
valsky, constitute many of the marginal mountain ranges which he visited 
between Kalgan and the lake Kuku-Nor. He mentions very extensive 
coal-deposits in the mountains of Alashan, rising beyond 10,000 feet, as 
well as in the mountains, which in Northern Tibet fori the eastern 
boundary of the Kuku-Nor. Those facts prove that the mountain range, 
representing the south-eastern boundary of the Gobi (from Kalgan to the 
Kuku-Nor) are composed of rocks which very likely belong to ancient 
geological formations. 

A similar conclusion may be equally applied, with great probability, to 
the long chain of Chingan, which can be considered as the eastern boun- 
dary of the Gobi, and separates Mongolia from Manchuria ; for this chain 
is intimately connected with the mountains of Inshan, one of the south- 
eastern marginal mountains of the Gobi, which Colonel Prejevalsky 
found composed of granite. At all events, all those mountains may be 
considered as the eastern extremity of the long chain of Kuenlun, which, 
according to Baron von Richthofen, is the largest and altogether the 
oldest mountain-chain of whole Asia. 

We have, consequently, no lack of arguments in favour of a very 
ancient formation of the Gobi, and we can admit that at the time when 
the mountains which surround the desert were upraised, the immense 
‘space included in the interior precinct remained much lower, but still 
sufficiently high to form one of the loftiest table-lands of the world, 
the average height of which, Colonel Prejevalsky estimates to be near 
4,000 feet (1285 métres), with local depressions sinking to about 3,000 
feet. 

It is, therefore, probable that after its upheaval, this large surface has 
never been covered by the sea, as little as the Sahara-Lybian desert 
since the cretaceous and tertiary periods, or the Turkestan deserts since 
the Paleozoic epoch. Once more, in the Gobi, as in the other two deserts, 
the sand-accumulations had nothing to do with marine deposits ; they 
were chiefly produced by atmospheric agencies, and as far as the Gobi is 
concerned, the frequent siliceous rocks, as granite, syenite, gneiss, &c., 
were particularly apt to yield sufficient materials to the formation of 
quartz sands. 


 Tchihatchef, Voyage scientifique dans Altai oriental et les parties adjacentes 
de la frontiére de Chine. Paris: 1845. 
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After all I have said, it is superfluous to add that the upheaval of 
those deserts did not take place at once, but successively, as we have 
seen in the Sahara-Lybian desert, where the cretaceous and tertiary rocks 
appeared, one after the other, leaving still large tracts occupied by 
sea- or fresh-water basins, which were filled up only during the quater- 
nary epoch, or even in a more recent one. Therefore, it is highly pro- 
bable, that like the Sahara-Lybian desert, the Asiatic deserts were also 
crossed, long after the upheaval of their chief portions, by gulfs, or con- 
tained numerous fresh-water basins—a supposition which, in reference to 
the Gobi, is supported by the interesting considerations of H. Regel, on 
the character of the flora of Central Asia.! The learned director of the 
Botanical Garden of St. Petersburg, says: ‘The salt steppes and sand 
deserts of the lower regions of Central Asia suggest the conclusion 
that, even at the beginning of the present epoch, consequently during the 
diluvial period, Central Asia was covered by a large fresh-water lake, 
through which the mountains rose as so many islands, until the time 
when the waters cut their way through the mountains, and were con- 
veyed to the sea by the river Obi and perhaps the Amur, having left 
behind them large dry salt and sand steppes, which contain now an uni- 
form flora, composed of halophytes and palustrian species, a flora which 
has probably opposed serious impediments to the migration of plants. 
As a striking exemplification of this fact we may quote the entire 
absence in Central Asia of any rhododendron and of any lily, whereas 
both these are copiously represented on the Caucasus, the Altai, in the 
Baikalian and Dahurian regions, on the northern declivities of the 
Tibetan Alps, and particularly in the Himalayan system. On the con- 
trary, Central Asia appears a real vegetable centre for the genera 
Tulipa, Allium, Eremurus, Elymus, &c., and particularly for the family of 
Salsolacee.’ 

The still unknown part of the Gobi desert belonging to the most 
important regions of Central Asia, is so large, that all geographers and 
natural philosophers must hail with joy any undertaking capable of 
unveiling this terra incognita, particularly the mysterious western portion 
of it, containing the extensive lake Lob (Lob-Nor), which receives so 
many considerable rivers, like the Ak-su, Yarkand, Kashgar, and Kothan 
rivers, The intrepid traveller, who recently explored for the first time 
the Kuku-Nor lake, is certainly entitled, more than anybody else, to add 
to his important discoveries this new revelation of Central Asia. 

The name of Colonel Prejevalsky is sufficiently known to all 
geographers; but what is perhaps not generally known and what en- 
hances greatly the merit of this distinguished man, is the fact, that one 
of the most remarkable explorations of modern times has been carried 
out, with means the smallness of which would appear quite fabulous, had 
he not himself mentioned them. Now, Colonel Prejevalsky informs us,” 
that the whole amount of money he received from the Russian Govern- 
ment in order to meet all the expenses of three years of exploration in un- 
known and barbarous countries, was only 9,590 roubles, or about 1,100I. 
With this scanty support he crossed (from November 17, 2870, to Sep- 
tember 19, 1873) nearly 18,000 miles, of which he mapped almost 9,000 
miles. 

But how could he, under such conditions, perform such a task, 

1 Petermann’s Mittheilungen, 1882, vol. xxviii. p. 65. 
2 Loe. cit. p. 80. 
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tantulo tantum? Well, that he explains candidly himself; the revelation 
is so curious that it deserves to be quoted in his own words.! ‘I had no 
means to take with me more than two Cossacks, and therefore my com- 
panion (Lieutenant Pylzow) and I, we were obliged to load and unload 
the camels ourselves, to take care of them, to -gather fuel, &c.; in one 
word, to perform all the business of hard-working men. Neither could 
I engage a Mongolian interpreter, and my Cossack was altogether my 
interpreter, my workman, my shepherd and cook. Finally, our beggarly 
misery (sic) exposed us frequently to hunger whenever our gun did not 
procure usa dinner. After our return to Peking, I was much amused 
to hear one of the foreign ambassadors ask, how I was able to carry with 
me the bulk of Chinese metallic money, foreign money not being accepted 
by the Mongols. What would the honourable diplomatist think, had he 
known that at my starting from Peking I had with me no more than 230 
Chinese lan, or 551. 4s.’ 

But our astonishment increases still more when we learn that the 
energetic appearance of these four men, supported by their revolvers and 
breechloaders, never seen before in those countries, produced such a deep 
sensation and such a terror among the Mongols, that they considered 
them at least as supernatural creatures, having unlimited power, and 
being invincible by numbers. This kind of worship went so far that 
when Prejevalsky entered the town Dulan-kit, crowds of people ran to 
. see what they called the famous Chybilgan (holy man) and all knelt at 
his passage.” Thus the poor Colonel, instead of being insulted as a 
helpless foreigner and checked in his progress, was greeted as a divine, 
irresistible magician, to whom everybody had to submit. 

We cannot refuse our deepest admiration to a man, who, almost 
single-handed, explored, during three years, unknown countries, among 
fanatic and predatory populations, and brought back with him enormous 
collections, of which he gives us an enumeration,® without spending much 
more than 1,0001. 

At all events let us hope that such travellers may be found in the 
future, for then we may be sure that the still unknown regions of our 
globe will be rapidly discovered, and that such noble victories may at 
last replace the bloodstained conquests of ambitious warriors. 


1 Loe. cit. p. 80. 2 Loe. cit. p. 381. 

% According to his own statement, the collections which Colonel Prejevalsky 
brought to St. Petersburg, and which were transmitted to the Imperial Academy of 
Sciences, in order to be worked out, consisted of 238 species of birds, represented by 
1,000 specimens, 70 specimens of mammals and amphibians, 11 species of fishes, more 
than 3,000 specimens of insects, 500-600 species of plants in 4,000 specimens, and a 
collection of rocks and minerals, 
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the Reports. ] 


[PLATE IV.] 


§ 1. Introductory. 


Setpom has public attention been so intensely directed to the state of 
crime as within recent years, the frequent reports of appalling murders 
and other heavy offences, especially in Ireland, seeming to indicate that 
national morals are not improving as one might expect. Is it, or is it not, 
the fact that the spread of instruction and science is a safeguard against 
crime, and that all the forces of civilisation tend to refine and elevate the 
manners of the people ? Happily a question of such momentous impor- 
tance is capable of being tested by numbers, and it is given to the 
statistician to confirm or correct any hasty impression by the unanswer- 
able logic of facts. 

The statistical method, however, is not free from difficulty. We may 
gauge the criminality of a state by the enormity of the crimes therein 
committed at any given time, by their number and frequency, by the 
number of persons concerned in them, by the difficulty of detection, by 
the shelter and support afforded to criminals, by the tone of the public press 
with regard to crimes and criminals, or by the general character of the 
circumstances connected with their occurrence. What, however, if the 
crimes recorded should be altogether of a special character, the result, it 
may be of a political revolution, or of war, famine, or agrarian grievances ? 
tn times of great aberration, as in France during the Reign of Terror 
in 1791, or during the Commune in 1870, in Ireland in 1798 and 1821, 
events occur and crimes are committed, which cannot be taken as 
representing in any wise the ordinary criminality of the nation. At such 
times the moral sense of large numbers seems corrupted and blunted, 
passion and the lowest instincts appear to acquire complete sovereignty 
over reason and conscience, and public sentiment is, for the nonce, al- 
together in abeyance. There are, in truth, storms in the moral, as well 
as in the physical, atmosphere, the results of which, however startling, 
do not represent the ordinary state of morals, nor materially disturb the 
normal progress of society. 

To arrive at any solid conclusions from statistical observation, the 
phenomena observed must embrace large numbers of facts, occurring over 
a lengthened period of time, and operating under widely different circum- 
stances. Nor can we take the records of crime in any country as a 
complete or sufficient evidence of the morals of the nation, for the more 
efficient are the means for the detection of crime, the stronger the evidence 
that the moral sense of the nation rebels against it. Moreover, the moral 
nature of an act is, unfortunately, of no value in determining whether it 
is criminal cr not; for, on the one hand, an act may be grossly immoral 
and yet it may not bring its agent within the pale of the criminal law, as 
in the case of adultery. And, on the other hand, an act perfectly innocent 
from a moral point of view, may render the doer amenable to punishment 
as a criminal, 
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The statistics of crime have often given rise to the theory, that a 
propensity for crime is within us, and that in committing it the criminal 
only follows a necessity of nature—that free will is, in fact, powerless, 
where a necessity, or fatality, really governs all our actions. Whenceé is it, 
it is asked, that nearly the same proportion of crimes are committed every 
year in proportion to population, and these in nearly the same proportion 
as against the person and against property? Buckle, in his ‘ History of 
Civilisation in England,’ said that free will is only a dream of weak minds 
who obstinately refuse to admit that the world is held together by an 
inexorable law of causality. Quetelet saw in man a being subject to the 
action of certain laws which are beyond his power to control, knowing 
what is in him, yet conscious of responsibility for what he is doing. 
‘Wagner’ represented the law of necessity which masters human actions as 
acting to such an extent that whatever happens occurs independently of 
the human will, and simply as a consequence of an absolute law. It is 
true, indeed, that human society is bound together by a thousand threads, 
and that every individual is affected by events which influence his con- 
duct from his very birth; but human actions do not exhibit that same 
identity of character from age to age as the presence of such a law would 
necessitate. The operative causes of crime are, moreover, not always the 
same, and they act more powerfully on the weak than on the strong. 
Most certainly we are free to master them, and are even able to do so, 
if only by patience and endurance we acquire moral strength to conquer, 
instead of being conquered by them. 


§ 2. Judicial Statistics. 


The record of crime in the United Kingdom is embodied in the three 
annual volumes of Judicial Statistics for England and Wales, Scotland, 
and Ireland, respectively ; those for England and Wales dating from 1856; 
for Scotland, from 1868; and from Ireland, from 1863. All the three 
fall considerably short of the plan, which I laid down in my paper on 
‘Judicial Statistics,’ read before the Law Amendment Society, in 1855, 
as the result of the recommendation of the International Statisticah 
Congress,” in that they do not furnish the necessary particulars regarding 
criminals in relation to the crimes committed. The Judicial Statistics 
for Ireland have recently omitted a most valuable part, consisting of 
the number of persons committed for trial in each county, for the use of 
which in this paper I am indebted to the Irish Office in London. And 
the Judicial Statistics of Scotland do not sufficiently distinguish indict- 
able crimes from police offences, while differences of method and nomen- 
clature render any comparison more difficult. Nevertheless, in these 
documents we have ample materials for determining the amount and pro- 
gress of crime in the United Kingdom, and it is from them that all the 
facts commented upon in this paper are derived. 


1 A. Wagner: ‘ Gesetzmiissigkeit in den scheinbar willkiirlichen Handiungen-. 
Hamburg, 1864.’ Drobisch : ‘Die moralische statistik und die menschliche Villens- 
freiheit, Leipsig, 1867.’ Annali di Statistica, Serie 2, vol. xxiii. 1881. 

? See Professor Levi’s letter to Mr. Fonblanque, House of Lords paper, 541 of 
1856, and Resolutions proposed by Lord Brougham in the House of Lords and Bill 
for the collection of judicial statistics, introduced by Lord Brougham and prepared 
by Professor Levi, March 3, 1856. 
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§ 3. Population and Means of Repression. 


Tn order to appreciate the real value of the number of crimes and 
criminals annually reported, we must first take into account the popula- 
tion and number of police employed for the repression of crime, which 
were as follows :— 


England and Wales Scotland Treland 

Population | Police (tuo Population | Police (O00 Population) Police ieee 
1871 | 22,760,000 | 27,425 | 1:20} 3,366,000 | 3,003 | 0°89] 5,387,000 | 14,028 | 2°60 
1872 | 23,068,000 | 27,999 | 1-21] 3,399,000 | 2,980 | 0°87} 5,369,000 | 12,868 | 2°39 
1873 | 23,356,000 | 28,550 | 1-22) 3,430,000 | 3,029 | 0-88 | 5,337,000 | 12,957 | 2°42 
1874 | 23,648,000 | 28,870 | 1:22| 3,463,000 | 3,007 | 0°86] 5,315,000 | 12,545 | 2°36 
1875 | 23,944,000 | 29,460 | 1:23 pt sani 3,075 | 0°88) 5,309,000 | 12,352 | 2°32 
1876 | 24,244,000 | 29,719 L226 3,528,000 [8,169 | 0°89 | 5,322,000 | 12,368 | 2°32 
1877 | 24,547,000 | 30,016 | 1-22} 8,561,000-| 3,241 | 0:91] 5,339,000 | 12,456 | 2°33 
1878 | 24,854,000 | 30,673 | 1)23 | 3,594,000 |.3,370 | 0°93 | 5,351,000 | 12,295 | 2-29 
1879 | 25,165,000 | 31,047 | 1423'1<3,627,000 | 3,446 | 0:95 | 5,362,000 | 12,397 | 2°31} 
1880 | 25,480,000 | 31,488 /1-23.|.3,661,000 | 3,484 | 0:95) 5,327,000 | 12,579} 2:36 


i7¢ 


§ 4. Number of Crimes committed. 


The first series of facts presented in the Judicial Statistics is the 
number of indictable crimes reported to the police, which may be as- 
sumed to represent the bulk, at least, of those committed; for though 
light offences may escape the vigilance of the police, or may never be 
brought to their cognisance, the heavier crimes are sure to be. According 
to these statistics, the number of indictable offences within the last ten 
years in England and Wales, and Ireland, was as follows :— 


Years England and Wales} Per 1,000 Ireland Per 1,000 
1871 45,149 1:97 8,155 1:51 
1872 44,191 1:92 7,716 1:42 
1873 45,214 1:92 6,942 1:31 
1874 47,824 2:00 6,662 1:25 
1875 47,045 1:96 6,598 1:24 
1876 49,320 2:03 6,261 1:18 
1877 .- 50,843 2:07 6,328 1:19 
1878 54,065 2:17 6,959 1:31 
1879 52,447 2°04 8,089 1-49 
1880 52,427 2:05 8,607 1:62 

Average 1871-80 48,853 2°01 7,232 1:34 


These figures indicate a slight increase of crime in recent years, both 
absolutely and relatively to population. It will be seen, however, that 
the number of crimes reported to have been committed is uniformly 
smaller in Ireland than in England and Wales, a very different result than 
is commonly imagined. The increase in the number of crimes at the 
commencement and end of the ten years is clearly due to the unhappy 
relations between landlords and tenants. 
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The number of crimes reported in England and Wales within the last 
twenty-five years, was as follows :— 


Average Number Per 1,000 
1857-61 E : F 53,674 A : : 2°72 
1862-66 f : 3 51,658 2 S 2°47 
1867-71 : - - 54,036 : - x 2°43 
1872-76 é : 46,718 = 4 4 1-97 


1877-81 . . ° 52,195 . 5 . 2-07 


Average of twenty-five years 51,656 A . . 2°33 


§ 5. Prosperity and Orime. 


The ten years, 1871-80, include five years of great prosperity of trade 
and high wages, and five years of decline of trade and lower wages. The 
value of exports of British produce and manufacture, and number of 
marriages, were as follows :— 


Exports of British Produce and Manufactwre, and Number of Marriages. 


Number of Number of 

Good years Marriages Bad years Marriages 

per 1,000 per 1,000 

£ £ 

1871 223,066,000 22:6 1876 200,639,000 20°9 
1872 256,257,000 21:3 1877 198,893,000 20°3 
1873 255,164,090 21:0 1878 192,849,000 21:6 
1874 239,558,000 22-2 1879 191,532,000 20°7 
1875 223,466,000 22:7 1880 223,060,000 20°5 
Average 239,400,000 21:9 Average 201,200,000 20°8 


And parallel to this we find the average number of crimes in the 
respective groups of five years to have been as follows :— 


Number of Crimes Committed. 


England and Wales Treland 

Years Per 1,000 Per 1,000 
1871-75 5 ° . 1:98 ’ : . 1°36 
1876-80 - . : 2:09 . . . 1:37 


Indictable crimes are thus shown to have been greater in number 
during the five bad years than during the five good years. 


§ 6. Apprehensions for Crime. 


Bat the knowledge on the part of the police that an offence has been 
committed is no guarantee for the apprehension of the criminal. How 
often, on the contrary, does he escape from the pursuit of justice ; in how 
many cases the highest reward fails to bring the criminal within the grasp 
of the law. The judicial statistics record the number of crimes com- 
mitted, and the number of persons committed for trial, but no trace is 
given of the number of criminals who escape. That no crime shall 
remain unpunished, that the fugitive from justice shall be arrested and 
made amenable to law, that the sheltering of the criminal shall be regarded 
as a crime against public safety, these must ever be the aim and purpose 
of criminal jurisprudence. Filangieri, in his ‘ Scienza della Legislazione,’ 
justly said, ‘Neither the Royal Palace, nor the Temple, nor the Altar, 
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should be allowed to offer an asylum to one who violates the law. The 
majesty of the throne, the sacredness of the temple and of the altar are 
exalted, not lowered, by the triumph of justice.’ The proportion of crimes 
to persons apprehended in England and Wales and Ireland wasas follows: 


England and Wales. 


Number of 


Number of Crimes Crimes to Persons 


Apprehensions 
1880 52,427 22,231 2°35 
Treland. 


1880 | 8,607 | 5,409 | 1:59 


Hyvidently, therefore, a larger number of crimes remains undetected in 
England and Wales than in Ireland, a fact which few would have antici- 
pated. It should be remembered, however, that in many cases the same 
offender commits more than one crime, and that cases occur where the 
crime reported was not, in fact, committed. 

During the last twenty-five years the proportion of persons appre- 
hended to the number of crimes committed in England and Wales has 
been as follows :— 


~ Per cent. of 
Years No. of crimes No. pi pareons crimes to persons 

appre cide apprehended 
1857-61 53,674 28,436 1:88 
1862-66 51,658 28,920 1:78 
1867-71 54,036 27,494 1:96 
1872-76 46,036 22,452 2°05 
1877-81 52,195 20,989 2°48 
25 years’ average . 51,519 25,658 2-00 


§ 7. Number of Committals for Indictable Offences. 


Although during the last ten years there has been some slight increase 
of crime, the number of persons committed for trial has diminished in 
every part of the United Kingdom, as follows :— 


England and Wales Scotland Treland United Kingdom 
Years 
= _ | Per 1,000] _ | Per 1,000 Per 1,000 Per 1,000 
Number persons Number persons Number persons Number persons 


1871 16,269 0-71 2,948 0-79 4,485 0°83 23,702 0-75 
1872 14,801 0:64 3,044 0°89 4,476 0°82 22,321 0:70 
1873 14,893 0°63 2,755 0°81 4,544 0:85 22,192 0°69 
1874 15,195 0-64 2,880 0°82 4,130 O77 22,205 0°68 
1875 14,714 0°61 2,872 0°82 4,248 0°80 21,834 0:67 
1876 16,078 0-66 2,716 O77 4,146 0-78 22,940 0-69 
1877 15,890 0-64 2,684 O-74 3,870 0-73 22,244 0°66 
1878 16,372 0°65 2,922 0-81 4,183 O77 23,477 0:69 
1879 16,388 0°65 2,700 0-75 4,363 0-80 23,451 0°68 
1880 14,770 0:58 2,583 0-69 4,716 0:89 22,069 0°63 
hn ee ANREP Sale SERS Bk roves no tek Pasi liners hey 


380 REPORT—1882. 


The decrease in the number of committals has steadily continued for 
the last forty years, partly from a decided diminution of the heavier 
crimes, but partly also from the fact, that many offences previously tried 
by Sessions, are now disposed of summarily by magistrates.! The number 
of committals and proportion to population were as follows :— 


England and Wales Scotland Treland 
oa Average Average Average 

Number of | Per 1,000 | Number of | Per 1,000 | Number of | Per 1,000 

Committals Committals Committals 
1841-50 27,842 1°65 4,091 1:46 25,978 3:24 
1851-60 22,809 1-21 3,750 1:25 11,017 1°83 
1861-70 19,307 0°82 3,284 1:03 5,017 0°82 
1871-80 15,537 0-64 2,810 0:80 4,316 0°51 


It will be observed that the proportionate number of committals is 
greatest in Scotland and least in Ireland, but throughout the period the 
diminution is considerable and satisfactory. Whence, however, is it, that 
with fewer crimes committed in Ireland than in England and Wales, the 
number of committals in proportion to population is generally larger in 
Ireland than in England and Wales? This is due partly to the larger 
number of apprehensions in proportion to crimes, the result to some 
extent of a larger police force, and partly to the greater vigour exer- 
cised by the magistracy in Ireland. The proportion of committals for 
indictable offences has been hitherto taken as a gauge for measuring the 
state and progress of crime in any country, yet, where possible, it is 
safer to measure the same by the number of crimes reported to have been 
committed. 

Within the last twenty-five years the proportion committed for trial 
in England and Wales has been as follows :— 


Years Average numbers Proportion per 1,000 
1857-61 A F : 17,824 . 5 4 0°89 
1862-66 a ‘ < 19,757 ‘ é r 0:97 
1867-71 ‘ : ‘ 18,445 : ‘ : 0:83 
1872-76 5 : ; 15,136 : . 0-64 
1877-81 - 2 F 15,640 : A - 0:62 

Twenty-five years’ average 17,360 0-78 


§ 8. Committals and Convictions. 


The great test, however, of the existence of harmony between law and 
public opinion is the result of the trial, indicating as it does the greater 


1 By the Juvenile Offenders Acts, 10 & 11 Vict. c. 82,13 & 14 Vict. c. 37, and 
34 & 35 Vict. c. 78; and the Criminal Justice Acts, 18 & 19 Vict. c. 126, and 31 & 32 
Vict. c. 116; simple larceny, the offender consenting, and not exceeding 16, and 
even above that age, the offender pleading guilty; stealing from the person, the 
offender pleading guilty, without reference tv age or value; larceny as a clerk or 
servant, the offender pleading guilty, without reference to age or value; and even 
embezzlement by a clerk or servant, the offender pleading guilty, and the amount 
above 5s., or offender consenting, and amount not exceeding 5s.; all offences pre- 
viously tried by sessions have been subjected to summary jurisdiction. 
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or less facility of procuring evidence. The following table seems to 
prove the weak point in the administration of justice in Ireland :— 


England and Wales Scotland Treland 
Years 
Com- re Per Com- < Per Com- ze! Per 
mitted Convicted cent. | mitted Convicted cent. | mitted Convicted cent, 


1871) 16,269 | 13,946 73 2,948 2,184 
1872} 14,801 | 10,862 73 3,044 2,259 
1873] 14,893 | 11,089 75 2,255 2,140 
1874} 15,195 | 11,509 | 75 2,880 2,231 
1875} 14,714 | 10,954 74 2,872 2,205 4,248 1,484 58 
1876} 16,078 | 12,195 74 2,716 2,051 4,146 2,346 56 
1877} 15,890 | 11,942 | 74 2,684 2,009 T4 3,870 2,300 59 
1878) 16,372 | 12,473 75 2,922 2,273 76 4,183 2,293 54 
1879} 16,388 | 12,525 76 2,700 2,091 77 4,363 2,207 50 
1880) 14,770 | 11,214 75 2,583 2,046 79 4,716 2,383 50 


4,485 2,257 50 
4,276 2,565 57 
4,544 2,542 56 
4,130 2,367 57 


AQAA 
AVS Or 1 


On an average of ten years, 1871-80, the percentage of convictions 
was 78 per cent. in England and Wales, 76 per cent. in Scotland, and 
55 per cent. in Ireland, the proportion in 1880 in Ireland having been 
only 50 per cent. The proportion of convictions in different classes of 
crime in Ireland is, moreover, very dissimilar, the proportion in cases of 
offences against property being considerably greater than in cases of 
offences against the person. In England, in 1880, 72 persons were ap- 
prehended for murder. Of these, 13 were discharged for want of evi- 
dence or want of prosecution, that being 18 per cent. of the whole, and 
59 committed for trial, or 82 per cent. In Ireland, in the same year, 53 
persons were apprehended for murder. And of these 37, or 69 per cent. 
of the whole, were discharged for want of evidence, and 16, or only 31 
per cent., committed or bailed for trial. Of 61 committed for trial for 
murder in England, 28 were convicted, or 46 per cent. Of 35 committed 
for murder in Ireland, only 3 were convicted, or 8°5 per cent. 

The Committee of the House of Lords on the operation of the Jury 
Laws in Ireland reported ‘ that the area in which trial by jury has broken 
down is not a small one, and that the social disorder, of which this is one 
of the numerous manifestations, is so deeply seated, that its rapid dis- 
appearance cannot be looked for.’ Mr. Justice Lawson, in referring to 
the trial of agrarian cases before that Committee, stated that ‘to send cases 
for trial, and to send the Judges round to try them, with a certainty of 
_ failure of justice, is not only a useless proceeding, but a great deal worse 
than useless, because it is the worst public manifestation of the impu- 
nity with which crime may be committed.’ And it was in the spirit of 
the recommendation of that Committee that the Prevention of Crime 
(Ireland) Act, passed last session, entrusted the trial of certain agrarian 
offences to a Special Commission Court, with power to determine issues 
both of law and fact, special jurors being required in the case of 
indictable offences, with powers also, when deemed expedient, to change 
the venue to some county other than that in which the accused would 
otherwise be tried. 


§ 9. Summary Jurisdiction Offences. 


To obtain a full and complete view of the classes of crime most 
prevalent in the three United Kingdoms we must add to the statistics of 
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indictable offences those disposed of summarily by magistrates. The 
total number of persons thus tried in the last ten years was as follows :— 


England and Wales Scotland Ireland 
Years 

Number Per 1,000 Number Per 1,000 Number Per 1,000 
1871 540,716 23°72 94,963 27°94 220,179 40°75 
1872 559,929 24:34 101,070 29°70 211,470 39°14 
1873 590,114 25°21 108,762 30°58 223,843 49-29 
1874 622,174 26°35 109,872 31°42 228,501 43:11 
1875 649,827 27-19 124,221 | 35:42 243,145 45°87 
1876 661,613 27°35 120,817 34:56 256,312 48°30 
1877 653,053 25°60 120,809 33°61 266,298 50°24 
1878 676,773 27:17 119,607 33°33 268,559 49°81 
1879 641,038 25°43 104,468 28°88 255,670 54°81 
1880 663,404 26:00 117,049 31°61 239,826 45:18 


It thus appears that there has been a great increase in the number of 
persons brought before the magistrates for offences subject to summary 
jurisdiction. It should be observed, however, that in a large numberof 
cases the same individuals come again and again before the Courts, that a 
large proportion of the cases so dealt with by magistrates consists of 
offences of a very light character, and that of late the number of offences 
involving imprisonment has been greatly increased. 

During the last twenty-five years the number committed for summary 
jurisdiction in England and Wales has been as follows :— 


Years Average number of cases Per 1,000 of population 
1857=61 ,.. : > 389,142 - 7 5 19°65 
1862-66 . 2 4 442,493 " 5 = 21°79 
SGT —i a. 4 3 510,175 Fi A : 23°08 
1872-76 . - 5 616,751 : - . 26°13 
1877-81 . : - 660,661 e ° - 26°21 

Twenty-five years’ average 523,544 23°37 


§ 10. General Character of Crimes and Offences. 
Classified according to the general character of indictable and non- 


indictable offences, the following table indicates the relative criminality of 
England and Wales, Scotland, and Ireland, in 1880. 


England and Wales Scotland Treland 


Number | Per 1,000} Number | Per 1,000} Number |Per 1,000 


Indictable offences com- | e : ‘ j 
mitted for trial yg] 1b770} 058 | 2,583) 0-69 4,716| 0:89 
Drunkenness , d wp 1723859 677 {26,867 7°26 88,048] 1660 


Lawlessness . ‘ . | 490,545) 19°24 90,182 | 24:37 151,778} 28°63 


Total . - | 678,174] 26:59 |119,632 | 32:32 | 244,542) 46:12 


A good classification of crime would be a great aid in studying the 
working of our criminal jurisprudence. Generally crimes and offences 
may be divided into the following classes:—first, against public order 
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and justice; second, against morals ; third, against the person ; fourth, 
against property; fifth, against public decorum ; and sixth, against local 
and other general statutes. Thus divided, the crimes and offences in the 
three kingdoms are as follows :— 


England and Wales Scotland Treland 
Classes of Crimes and 


ffences 
Number | Per 1,000} Number | Per 1,000) Number | Per 1,000 
ae nbvapeesene t 30,300 118 43,400 | 11°73 6,400 1:20 
Against morals 4 : 5,500 0-21 300 0-08 400 0:07 
Against the person . - | 72,400 2°83 19,100 5°16 35,300 6°66 
Against property . - | 95,400 3-74 18,100 5:02 13,000 2-45 
Drunkenness . 5 . | 172,900 6°75 26,900 7:27 88,000 | 16:60 
Other offences F . | 801,400 | 11°81 26,700 721 |101,400 | 19:13 
Total . 5 . |677,900 | 26°55 |134,500 | 3647 | 244,500 | 46-11 


The comparison here instituted is doubtless far from exact. In the 
judicial statistics for England and Wales, the cases of assaults classed 
under offences against the person are distinguished from breaches of the 
peace, which appear under offences against public order. In the judicial 
statistics for Scotland, the cases of assault include breaches of the peace. 
Upon inquiry, however, it has been found, that of the total number of 
assaults reported in Scotland, about 21 per cent. may be considered as 
offences against the person, and the remainder simple breaches of the 
peace. In either case the classification is arbitrary. But taking themas 
they are, the facts are very suggestive. In proportion to population, the 
offences against public order are 11°73 to the 1,000 in Scotland, against 
1:18 in England. The offences against morals, in the proportion of 0:21 
to the 1,000 in England, against 0:07 per 1,000 in Ireland. The offences 
against the person in the proportion of 6°66 to the 1,000 in Ireland, 
against 2°83 in England; and the offences against property in the pro- 
portion of 5°02 per 1,000 in Scotland, against 1:45 in Ireland. Honour 
and property are safest in Ireland. The person is safest in Great Britain. 
But drunkenness is worst in Ireland, 16°60 per 1,000, against 6°78 in 
England, and 7°27 per 1,000 in Scotland. 


§ 11. Trish Crimes. 


What aggravates the state of crime in Ireland is the recurrence of 
social and political crimes and agrarian outrages, seldom indeed absent 
from Irish criminal jurisprudence, but, of late years, forming a large 
percentage of the crimes committed, and for which but few offenders 
are brought to justice. Nor are they light offences. At one time, these 
consisted of high treason, treasonable felony, administering treasonable 
oaths, using seditious language, having arms in a proclaimed district, 
attempting to seduce soldiers from their allegiance, and the like. At other 
times, as in recent years, they consisted in aggravated assaults, firing at 
the person, incendiary fires, and arson; killing, cutting, or maiming 
cattle ; sending threatening letters, notices, or intimidations, and the like. 
Separate these from the ordinary crimes, and we find the proportion of 
crimes considerably less in Ireland than in England and Scotland. 
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§ 12. Geography of Crime. 


If from a comparison of crimes and offences in the three kingdoms, 
we pass to an examination of the criminality of the several counties 
respectively, the field for study becomes wider and still more interesting. 
We may trace a diagram of indictable crimes in England from Cornwall, 
where there is the smallest number of committals, 0°21 per 1,000, to 
Hereford, where there is the largest number, 0°97 per 1,000 ; in Scotland, 
from Orkney to Bute, 0°12 to 3:05 per 1,000; in Ireland, from Wexford 
to Leitrim, 0°34 to 2°72 per 1,000. Lawlessness and drunkenness, how- 
ever, follow other lines. If we take the counties in geographical order, 
the group of north midland and south-western counties have the least 
amount of crime, the north-western group the highest. Of the three 
Metropolitan counties, Middlesex and Dublin have a high degree of 
criminality. Not so Edinburgh. In lawlessness and drunkenness, how- 
ever, Dublin and Edinburgh are much worse than Middlesex. Generally, 
the agricultural counties have less crime than the manufacturing and 
mineral counties. As a rule, crime follows closely the density of popula- 
tion. Cornwall, with only thirty-seven persons to the square mile, has 
less crime than Lancashire with 285 persons to the square mile. Great 
centres of population always contain a large number of restless, ill-con- 
ditioned men. They offer temptations, often irresistible, to wasteful 
luxury. They engender disease and want, and with physical and moral 
deterioration crime is nourished and fostered. 


§ 13. Race and Crime. 


Much might be learnt also of the relation of crime to races, if the 
population of the different counties were properly classified as Celts, 
Saxons, Scandinavian, &c. The large proportion of crimes and offences 
in places where the Irish are numerous indicates that nationality and race 
have considerable influence upon the nature and number of crimes. The 
Anthropometric Committee of the British Association have ascertained 
that the people of the north and north-eastern counties are taller and 
heavier than the people in the south and south-western counties, and 
the geography of crime shows precisely the opposite course. Putting the 
one against the other, we find that the taller the people the less is the crime, 
the shorter the people the more the crime. Nor is it a matter of surprise, 
for where the people are taller and better grown, the result of favourable 
conditions with respect to fresh air, exercise, and wholesome and suffi- 
cient food, there the amount of crime should be lower than wherever the 
people are small and stunted. 

The nationality of prisoners during the last twenty-five years in Eng- 
land and Wales has been as follows :— 

Per cent. of the whole number. 


| Years English Welsh Scotch Trish Colonies Foreign 
1857-61 78°2 2°5 1:9 14:2 O-4 15 
1862-66 78:0 2°7 rg 14:8 0-4 13 
1867-71 78°5 2-7 26 14:1 0-4 13 
1872-76 778 27 2:3 14:5 O-4 1-4 

| 1877-81 79-5 3-2 23 12°8 O-4 1:3 

| Average, 25 | 

| years 78 4 27 2:2 14:0 O-4 13 
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§ 14. Crime and Want. 


The motives of crime are not easily fathomed. A crime is often a 
symptom of moral disease, an evidence of total incapacity to control our 
grossest instincts. It is often associated with corporeal deformity, and 
may be the result of inherited propensities. But it is too often produced 
by circumstances connected with our social system. Some of the most 
operative causes of crime are certainly greed, cupidity, and want. The 
desire for acquisition is prominent in the English character. Wealth 
and comfort are sought after with much recklessness and disregard of 
consequences, whilst the sense of want is keen. Poverty, whether real 
or imaginary, affects the proper balance of the reason, suggests make- 
shifts, leads to temptation. The poor, living in squalid habitations, and 
surrounded by persons of low character, are easily brought to the very 
verge of criminality. Of whom consists the bulk of our criminals? Of 
persons having no occupation; of common labourers, whose means are 
precarious; of domestic servants, extravagant in their habits and utterly 
thriftless. 


§ 15. Crime and Thrift. 


Hence the relation of crime to savings and wealth is very intimate. 
The number of persons committed for trial in England and Wales in 
1880 was 19 per cent. less than in Scotland, and 53 per cent. less than in 
Treland. . And so, in almost equal proportion, the amount of deposits at 
the Savings Banks Trustees and Post Office combined, in the same year, 
in England and Wales averaged 30 per cent. more than in Scotland, and 
73 per cent. more than in Ireland. Take the twelve most criminal coun- 
ties in England, and compare them with the twelve least criminal, and 
we find the latter having more in the savings banks and fewer paupers 
than the former have. Prosperity goes hand in hand with virtue ; misery, 
with temptation and crime. Encourage thrift, promote the economic wel- 
fare of the masses, and you thereby operate the most effectively towards 
the repression of crime. 

The graphic table which accompanies this paper, and Table C in the 
Appendix, exhibit the relation of crime to thrift in so far as it appears 
from the Savings Banks’ returns, though the results are by no means 
uniform, especially from the fact that the amount in the savings banks is 
‘by no means the sole evidence of thrift. 

A low rate of crime with a high rate of savings appears in the 
following counties :— 

Committals Shillings per head 


Counties per 1,000 in savings banks 
Cornwall . : . : 0°21 
Devon 2 3 . : : 0:27 E 3 85 
Nottingham ° . : = 0°33 4 A 56 
A low rate of crime with a low rate of savings appears in 
Durham. . A : 0°31 3 : 18 
Westmoreland . . ‘ fs 0°33 : ; 25 
Essex . ‘ b 5 : 0°36 : = 17 
A high rate of crime with a high rate of savings appears in 
Hereford . “ 5 . 5 0:97 - 5 70 
Middlesex . . : : 3 0:93 : ° 83 
Norfolk . - 3 : ‘ 053 7 59 


1882. GG 
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§ 16. Crime and Education. 


The bulk of criminals are generally found to be illiterate, and no 
wonder, for ignorance restricts the chances of employment, and renders a 
person the easy dupe of designing men. Education elevates the mind, 
raises the morals, enlarges the desire forthe pure, and ‘diminishes the 
desire for the impure, brings within the reach of all the works of the 
highest minds, and if it does not succeed in controlling the affections, it 
has an important influence in turning them to what is noble and right. 
Fear has been entertained that education may engender dissatisfaction 
with the lower occupations of life, and that by creating a capacity for 
greater enjoyments than the conditions of society enable the people to 
obtain, education may increase instead of diminishing the restiveness of 
the people, and thereby tend to the production of crime. But no such 
fear need be entertained, for the field of human labour is ever widening, 
and education offers resources aud remedies which sweeten the acerbities 
of life and tend to ennoble the commonest of human services. Again, 
take the twelve most criminal counties in England and Wales, and you 
will find them to contain more persons not able to read and write than 
are to be found in the’twelve least criminal counties. 


§ 17. Crime and Drunkenness. 


To what extent drunkenness proves to be the direct or indirect cause 
of crime is not easy to define. In the same manner as crime, drunken- 
ness is often the effect of weak self-control, of want of moral power, 
though oftener still of wanton dissipation and sensuous indulgence. 
However produced, drunkenness unhinges the mind and is sure to he the 
concomitant of vice and crime. An inordinate expenditure in drink is, 
moreover, an immediate cause of much suffering and misery, and too 
often casts the labourer to the workhouse and the prison. Alas, how 
many hopes are blasted, how many families are ruined, through excess of 
drink. The twelve most criminal counties in England and Wales have a 
larger proportion of committals for drunkenness than the twelve least 
criminal counties. And the twelve counties where there is the largest 
number of cases of drunkenness, have likewise a larger proportionate 
number of committals for indictable offences, and nearly double the 
number of cases of lawlessness. 


§ 18. Crime and Family Quarrels. 


Where the causes are fathomed to their real source, family dissensions 
are found to contribute a pretty large quota of crime. Property, un- 
requited affections, unfaithfulness, and other quarrels, envenom the 
family life, and the-results are-an increasing number of divorces and 
judicial separations in the civil courts, and of suicides and crimes in the 
criminal, In France in 1879 15 per cent. of the crimes of poisoning, 
arson,'murder, and assassination were ascribed to domestic dissensions 
and money disputes among relatives. 


§ 19. Crime and the Criminal Classes. 


There is yet. another cause of crime ever active, ever present; the 
existence of the criminal classes, some at large, some in prison, some 
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adults, and some still young in age though old in malice. The judicial 
statistics give the number of these in England and Walesin 1880 at 70,338, 
or in the proportion of 2°77 per 1,000, and in Ireland at 8,991, or 1°69 
per 1,000. The average number of prisoners during 1880 was in 
England 1:13 per 1,000; in Scotland 0°83 per 1,000; and in Ireland 
0°62 per 1,000 of the population. Necessary and useful as a place of 
punishment, the prison is fatal to the character of the prisoner. The 
prison, alas, is a school, not of virtue, but of vice. Notwithstanding 
every effort to soften its asperities, to isolate the prisoner, and make him 
think, those who once enter the portals of the prison seldom, if ever, 
come out of it untainted and reformed. But what fatuity does it seem 
to make the prison the antechamber to the reformatory school. If the 
reformatory school is to spare the child from the contamination of the 
prison, why bring the child under an influence which will ever after 
haunt his mind and destroy his spirit and independence ? 


§ 20. Orime in the United Kingdom and France. 


A comparison of the state of crime in the United Kingdom as a 
whole with France gives unsatisfactory results. In the United Kingdom, 
the total number of persons summarily disposed of by the magistrates, 
and committed for trial was, in 1880, 1,043,000, or in a proportion of 
29°62 per 1,000. In France, the total number of persons before the 
Assizes, Correctional Tribunals, and Simple Police in 1879, was 636,000, 
or 17:18 per 1,000. The total number committed for trial in the United 
Kingdom for murder, attempt to murder, and manslaughter in 1880 was 
808, or in the proportion of 0:023 per 1,000. In France, the total 
number before the Court of Assize for parricide, poisoning, assassination, 
infanticide, and murder in 1879, was 645, or 0°017 per 1,000. In the 
United Kingdom, the total number of cases of drunkenness in 1880 was 
287,000, or 8°15 per 1,000; in France, the total number in 1879 was 
63,000, or 1:70 per 1,000. 


§ 21. Criminal Reforms. 


The state of crime in the United Kingdom is not, I am sorry to say, 
as favourable as we should like it to be. Doubtless we may congratulate 
ourselves that, as compared with former years, there is a notable diminu- 
tion of the heavier crimes, nevertheless the total number of crimes and 
offences is large, and they are the sure symptoms of a grievous disease 
in the body politic. What is to be done? Sanitary science or hygiene 
has done much to eradicate or modify physical disease. Jurisprudence 
and ethics must combine in the removal of those causes which contribute 
to crime. Large indeed is the field open for the moral and social re- 
former. In the improvement of the homes of the people, in the pro- 
motion of health and comfort, of education, temperance, and self-control 
among the masses, in the advancement of measures calculated to further 
solid progress, much effort is needed, much perseverance, much faith. 
Happily, large as is the field of labour, many are the labourers, who, by 
means both of repression and prevention, are seeking to remove those 
clouds which now obscure our moral horizon, and we need not fear but 
their labour will be crowned with success. 
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APPENDIX, 


A Crimes And Orrences 1n Countigs 1n 1880. 


England and Wales. 


=p Se Ce ' 
se (225.| & |sté.| 2 |s28e| = 
Counties 3 = Bea e| 2326 a SSe8 = 

a se er ~ E@eERr u ‘=I a sa wy 

mls 48s = ZO = 206 a 

as St Pa lie Pa 
Bedford . 5 149,000 94 | 0:63 1,687 | 11°32 383 | 2:57 
Berks : : 218,000 102 | 0-47 2,746 | 12°61 587 | 2-69 
Bucks ‘ : 176,000 86 | 0-49 2,251 | 12:77 353 | 2-00 
Cambridge : 185,000 58 | 0-31 1,951 | 11°53 273 1:47 
Chester . . 643,000 412 | 0-64 12,805 | 19°91 4,720 | 7-34 
Cornwall . : 329,000 70 | 0-21 2,096 | 6°37 537 1-63 
Cumberland . 251,000 134 | 0°53 4,035 | 16-08 2,344 | 9°33 
Derby : ; 461,000 149 | 0:32 8,878 | 19:23 2,876 | 6:26 
Devon . ‘ 694,000 167 |. 0:27 7,036 | 11°65 2,134 | 3:53 
Dorset . . 191,000 93 | 0:48 2,597 | 13°59 493 | 2°60 
Durham . 5 868,000 272 | 0-31 21,758 | 25°10 | 11,782} 3°50 
Essex : : 576,000 210 | 0:36 3,523 | 6:10 393 | 1-61 
Gloucester : 572,000 307 | 0°53 10,290 | 18-00 2,272 | 3:97 
Hereford . ‘ 121,000 118 | 0:97 2,633 | 21:78 608 | 5:00 
Hertford . : 203,000 113 0°50 2,084 | 11°70 390 2°20 
Huntingdon . 60,000 16 | 0:26 791 | 13:19 103 | 1°72 
Kent a A 978,000 40L | 0-41 7,554 | 8-43 1,780 | 1:84 
Lancaster . ; 3,454,000 | 2,995 | 0:86 | 93,098 | 27-03 | 46,241 | 13-29 
Leicester . : 324,000 133 O41 5,571 | 17°30 1,196 3°72 
Lincoln . , 470,900 200 | 0:42 9,878 | 22-08 2,862 | 5:10 
Middlesex : 2,919,000 | 2,725 | 0:93 98,718 | 20°72 | 32,233 | 6:76 
Monmouth : 211,000 129 | 0-61 4,577 | 21:70 1,402 | 6-60 
Norfolk . : 445,000 238 | 0:53 4,927 | 11-03 1,058 | 2-37 
Northampton . 273,000 144 | 0:56 3,226 | 11-80 796 | 2:90 
Northumberland 434,000 149 | 0°34 9,864 | 22°70 7,033 | 16-20 
Nottingham . 392,000 130 | 0:33 8,815 | 22°42 2,150 | 5:50 
Oxford. ; 180,000 94 | 052 2,313 | 12-79 381 211 
Rutland . A 21,C00 TPR TBE} 249 | 11°85 46 | 2-19 
Salop : . 248,000 128 | 0-52 4.170 | 1681 1,809 | 7-20 
Somerset . 5 469,000 210 O44 7,013 | 14°86 677 1-44 
Southampton . 593,000 305 | O51 7,743 | 13-08 1,941 | 3:27 
Stafford . ; 981,000 549 | 056 | 24,871 | 25:35 6,349 | 6:47 
Suffolk. : 356,000 124 | 0:35 1,039 | 2-91 154 | 0°43 
Surrey . , 1,436,000 816 | 0°56 2,254 | 11-93 611) 3:23 
Sussex . , 490,000 246 | 0:50 4,417 | 9-00 1,329 | 2°71 
Warwick . : 737,000 503 | 0-68 | 16,000 | 21-72 3,600 | 4°88 
Westmoreland . 64,000 21 0°32 1,022 | 15°97 345 5°34 
Wilts : C 259,000 110 | 0-42 2,603 | 10-05 350 | 1:35 
Worcester ; 380,000 249 | 0°65 6,797 | 17°89 2,001 | 5:26 
York ‘ P 2,886,000 | 1,224 | 0-42 51,496 | 17-84 |] 17,242 | 8:23 

24,608,000 | 14,221 | 0°59 | 465,534 | 19°31 | 164,639 | 6°82 | 
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Wales. 
eo dees. [ae cee se s.| ese | & 
. a= 2eaS , DnwZ =. Done B 2. 
Counties a3 aight n 2233 Lo aa = 
5.2 Ses] S&S 7858") S | BSS S 
AS 5” AS, oe Bal a 
Anglesea . 51,000 17 | 0°33 789 | 15:47 262] 5:13 
Brecon 58,000 29 0:60 1,253 | 21:60 347 5:98 
Cardigan . 70,000 10 | 014 1,034 | 14:77 267 | 3°81 
Carmarthen 125,000 35 0°28 1,942 | 15°53 559 4:47 
Caernarvon 119,000 63 | 0°53 1,691 | 14:21 1,231 | 10-34 
Denbigh . 109,000 33 0°30 1,334 | 12:24 431 3°95 
Flint : 80,000 29 0°36 1,402 | 17°53 356 4°45 
Glamorgan ; 512,000 241 | 0-45] 11,725 | 22°96 3,945 | 7-70 
Merioneth 55,009 20 | 0°36 569 | 10°35 217 | 3:94 
Montgomery 66,000 50 | 0-76 1,053 | 15°94 260 | 3:93 
Pembroke 92,000 15 0-16 1,867 | 20°29 322 3°50 
Radnor . 23,000 7 | 0:29 352 | 14°61 103 | 4:29 
1,360,000 549 | 0:37 | 25,011 | 17°86 8,300 | 5:92 
25,968,000 | 14,770 0°58 | 490,545 | 19°23 | 172,859 677 
Scotland. 
Aberdeen . 268,000 71, 0:26 1,509 | 16°87 244 | Oo1 
Argyll 76,000 105 1:38 1,061 | 13°96 112 1:47 
Ayr . 218,000 84 0°38 3,644 | 16°72 536 2°45 
Banff 63,000 10 | 0-15 301 1:94 13 | 0:20 
Berwick 35,000 22 | 0-60 368 | 10°52 32 | O91 
Bute 18,000 57 | 3:05 78 | 4:33 — — 
Caithness . 39,000 24 0°61 233 5°98 12 0°30 
Clackmannan 26,000 19 | 0-73 897 | 34:47 83 | 3:20 
Dumbarton 75,000 45 0°60 1,572 | 20:98 297 3°94 
Dumfries 76,000 35 | 0:46 1,413 | 18:57 151 | 2:00 
Edinburgh 389,000 255 | 0°65 9,905 | 25°47 3,505 | 9:00 
Elgin 44,000 30 | 0°66 394 | 9°95 52} 118 
Fife 172,000 85 | 0-49 1,003 | 5:87 394 | 2:25 
Forfar. 266,000 165 | 0:62 4,589 | 17:26 23,51 | 8°83 
Haddington 38,000 10 | 0:26 759 } 19:97 163 | 4:29 
Inverness 90,000 96 | 1:06 769 | 8°54 82); 091 
Kincardine 34,000 9}. 0:26 185 | §:44 Z = 
Kinross 5 7,000 5 | O71 34 4°85 it — 
Kirkcudbright . 42,000 21} 0:50 233 | 5°64 + — 
Lanark : 904,000 758 | O84 | 45,661 | 49-43 | 15,400 | 17-00 
Linlithgow 43,000 51 119 957 | 22:26 177 4-11 
Nairn 10,000 3 | 0:30 171 | 16:19 23 | 2°30 
Orkney 32,000 4) 012 — — == = 
Peebles 14,000 2) 014 278 | 19:98 41} 2°90 
Perth 129,000 123 | 0:95 1,229 | 9-62 230} 1:78 
Renfrew . 4 263,000 223 | 0°84 4,723 | 17:97 2,282 | 866 
Ross& Cromarty 79,000 115 1:45 312 3°94 —_ — 
Roxburgh é 53,000 32 | 0°60 1,396 | 16-34 149} 2°81 
Selkirk ._ 26,000 16 | 061 1,018 | 38:96 70 | 2-69 
Stirling 112,000 47 | 0-42 1,367 | 12°20 353 | 3:15 
Sutherland 23,000 7} 0:30 66 | 2°86 3 = 
Wigtown . c 39,000 31 0-79 292 | 7:49 7 = 
Zetland . : _ 80,000 23 | 0-77 — = a = 
3,734,000 | 2,583 | 0-69 | 102,600 ! 27-72 | 26,8671 7:26 
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a i eS TS 
=| Dy ro is = ; Se 1 
Counties =3 Rls! 4 2o3 8 tan ee ) no 
BZ Fikss Shi see "hes |e & 
as Ae me le eH a | ePA 
Antrim : 423,000 175 0°42 2,796 6°62 2,479 5°85 
Armagh é 163,000 168 1:03 16,217 |100°49 10,139 | 62:19 
Carlow ‘ 47,000 56 1:19 1,850 | 39-11 1,742 | 37:10 
Cavan A 129,000 126 0:97 1,176 768 1,332 | 10°32 
Clare ; 141,000 119 0°84 3,176 | 24°55 1,821 | 12:84 
Cork 4 ‘ 493,000 569 1:15 15,838 | 32:12 8,440 | 17-71 
Donegal : 205,000 123 0°60 2,573 | 12°56 1,519 740 
Down 2 : 270,000 161 0-60 3,618 | 12°66 3,559 | 13-18 
Dublin. A 418,000 739 1-72 42,072 |100°65 10,992 | 26:29 
Fermanagh . 84,000 46 0°54 1,082 | 16-76 1,211 } 14-21 
Galway : 242,000 284 1:17 6,850 | 28-00 4,117 | 17-00 
Kerry 2 ‘ 200,000 192 0:96 6,662 | 32-40 3,528 | 17-60 
Kildare . ; 76,000 58 0:76 2,276 | 29:97 1,814 | 23-85 
Kilkenny . 99,000 103 1:04 2,230 | 22°55 1,914 | 19°30 
King’s County . 73,000 78 1:07 1,997 | 27°65 1,233 | 16°89 
Leitrim . ‘ 90,000 245 2-72 1,614 | 14:97 1,203 | 13°33 
Limerick . ‘ 177,000 160 | 0:90 4,011 | 22-64 3,166 | 17-90 
Londonderry . 165,000 121 0:73 3,068 | 18°56 2,922 | 17-7 
Longford . “ 61,000 100 ntl f 1,194 | 17:06 1,249 | 20-4 
Louth 78,000 49 0°63 2,379 | 22°22 1,439 | 18-44 
Mayo 243,000 271 111 3,659 | 14:48 1,717 | 17-64 
Meath - 86,000 81 0-94 2,355 | 27°39 1,405 | 16°34 
Monaghan 103,000 76 0:73 1,818 | 17:66 2,062 | 20-00 
Queen’s County. 73,000 109 1°49 1,896 | 25:96 993 | 13°60 
Roscommon . 132,000 94 0-71 2,953 ,| 22°37 1,398 | 10:59 
Sligo ; 4 111,000 92 0-83 2,459 | 22°15 1,953 | 22-15 
Tipperary , . 199,000 567 2°85 4,292 | 21°57 4,055 | 21:57 
Tyrone , 197,000 132 0:67 3,502 | 17°77 8,036 | 17°77 
Waterford 113,000 104 0:92 2,337 | 20°69 2,253 | 20°69 
Westmeath 4 72,000 26 0°36 1,962 | 27°21 1,507 | 27-21 
Wexford . 124,000 42 0-34 1,949 | 15°74 1,037 | 15-74 
Wicklow . 74,000 40 | 0-54 1,652 | 22:29 1,050 | 22-29 
5,160,000 4,716 0°90 | 151,778 | 29°18 88,048 | 16-93 
B. GroGRapHy or Crime. 
England and Wales. 
Summary Jurisdiction 
Counties Committals Lawlessness Drunkenness 
South Eastern :— per 1,000 per 1,000 per 1,000 
Surrey ‘ ry . 0:56 . . 11°93 . . 3:23 
Kent F a . 0:41 5 - 8:43 , . 1:84 
Sussex . a re 0:50 : 5 9:00 ‘ ’. 2 
Southampton . ’ 0-51 ’ ° 13:08 : ‘ 3:27 
Berkshire. : é 0-47 5 s 12°61 > . 2°69 
0 49 11-01 2-74 
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Summary Jurisdiction 


Counties Committals Lawlessness Drunkenness 
South Midland :— per 1,000 per 1,000 per 1,000 
Middlesex ° : 0:93 ° : 20°72 : ° 6°76 
Hertford . e Fy 0:50 ‘ ‘ 1)-70 . 2°20 
Bucks , F = 0:49 4 : 12°77 P - 2:00 
Oxford . . e 0°52 = 2 12:79 - 3 2°11 
Northampton , ° 0:56 . A 11°80 ‘ - 2°90 
Huntingdon . F 0:26 F 13°19 . 1°72 
Bedford . = : 0°63 Z 11°32 F 2°57 
Cambridge rn - 0°31 - 11°53 3 . 1:47 
0°52 13°43 2°69 
Eastern Counties :— aT a jak Ti 
Essex 4 ‘ = 0:36 7 = 6:10 F - 161 
Suffolk . F : 0°35 A P 2°91 P ‘ 0:43 
Norfolk . 5 é 0°53 ‘ ‘ 11:03 3 : 2°37 
0-41 6°68 1:47 
South Western :— rir nl aE 
Wilts. . > = 0:42 5 5 10°05 5 E 1°35 
Dorset . s ° 0:48 ose 13°59 F é 2°60 
Devon . 5 3 0:27 ci A 11°65 ' : 3°53 
Cornwall : ‘ 0-21 A 3 6°37 p , 1°63 
Somerset ; 7 0-44 ‘ : 14°86 5 F 1:44 
0:36 11°30 211 


West Midland :— 


Gloucester ; 5 0°53 ‘ 18-00 ‘ ‘ 3°97 
Hereford - { 0:97 Zi 21:78 F 5:00 
Salop é A : 0°52 . 16°81 - 7:20 
Stafford . 5 B 0°56 = ; 25°35 “ 6:47 
Worcester 4 3 0°65 5 7 17°89 ‘ 5°26 
Warwick -« , ; 0-68 5 A 21:72 = “88 
0°65 20°26 5:15 

North Midland :— ve 
Leicester ‘ ‘ O41 ; : 17°30 . fe 3°72 
Rutland . 3 : 0°33 z F 11°85 5 3 2°19 
Lincoln . s 0°42 5 é 22-08 1 5°10 
Nottingham . 5 0:33 : 5 22:42 : : 5°50 
Derby . = KE 0°32 3 19°23 : 4 6°26 
0°36 18°63 4°55 
North Western :— cis <a e < ay 
Cheshire . : . 0°64 ‘ ‘ 19°91 : : 7:34 
Lancashire . ’ 0°86 . : 27:03 . » 13:29 
O75 23°47 10°31 
York . « « 0°42 17°84 8-26 
Northern :— war Caria 
Durham . F . 0°31 e 3 25°10 - 3°50 
Northumberland -.. 0°34 “ : 22-70 5 16°20 
Cumberland . i 0:53 ; : 16:08 C 9°33 
Westmoreland... ... 0°32 ¢ - 15:97 : 534 
0:37 19°97 8°76 
Monmouth . 4 0°61 3 21:70 : . 6°60 
South Wales . - 0:30 P P 18-28 5 ‘ 4:95 


North Wales . 3 0°44 “ F 14°32 ; F 5:29 
0°45 . * 18:00 7 5 5°61 
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Crime Per 1,000 
1 Hereford , . 0:97 
2 Middlesex . 0:93 
3 Lancaster . 086. 
4 Warwick . 0°68 
5 Worcester . . 0°65 
6 Chester . 0:64 
7 Bedford . 0°63 
8 Monmouth . . 0°61 
9 Surrey . 0°56 
10 Northampton... 0°56 
11 Stafford . 0°56 
12 Cumberland > O1b3 
13 Norfolk . 0:53 
14 Gloucester . - 053 
15 Oxford . 052 
16 Salop . - 052 
17 Southampton... 0°51 
18 Hertford . 9°50 
19 Sussex - 0°50 | 
20 Bucks. . O49 
21 Dorset . O48 
22 Berks . . O47 
23 Somerset . 0-44 
24 Lincoln . 0-42 
25 York . 0-42 
26 Wilts . . 0°42 
27 Kent . 0-41 
28 Leicester . . O41 
29 Essex . = - 0°36 
30 Suffolk - . 0°35 
31 Northumberland . 0°34 
32 Rutland. . 0°33 
33 Nottingham - 0°33 
34 Westmoreland . 0:32 
35 Derby. . - 0:32 
36 Durham . .0:31_ 
37 Cambridge . - O38. 
38 Devon. . - O27. 
39 Huntingdon - 026, 
40 Cornwall . O21 
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D. Graparion or Criminanity In Enciisn Counties. 
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35, 
36. 
37, 
38. 
39. 


40 


Lawlessness Per 1,000 
Lancaster . . 27:03 
Stafford ea noD 
Durham . 25°10 
York. . 24:93 
Northumberland 22°70 
Nottingham  . 22°42 
Lincoln ee. 05 
Hereford . - 2-78 
Warwick . . 21°72 
Monmouth . 21-70 
Middlesex . . 20°72 
Chester + IESE 
Derby - 19:23 
_ Gloucester - 18-00 
Worcester . . 17°89 
Leicester . . 17°30 
Salop - 16°81 
Cumberland . 16:08 
_ Westmoreland . 16:01 
Somerset . . 14°86 
Dorset 5. JIBA5%S) 
Huntingdon . 13:19 
Southampton . 13:08 
Oxford - 12:19 
Bucks be arr 
Berks . 12°61 
Surrey . 11°93 
Rutland . 11°85 
Northampton . 11°80 
Hertford : 11°79 
Devon *, 11°65 
Cambridge 11-53 
Bedford . 1131 
Norfelk . 11:03 
Wilts . - 10-05 
Sussex ‘ 9-90 
Kent. 8°43 
Cornwall . 6°37 
Essex 6°10 
Suffolk 2°91 
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Drunkenness Per 1,000 
Northumberland 16°20 
Lancaster . « 13:29 
Cumberland 9°33 
York . 8:26 
Chester 734 
Salop 7°20 
Middlesex 6:76 
Monmouth 6°60 
Stafford 6:47 
Derby 6°26 
Nottingham 5°50 
Westmoreland . 5:34 
Worcester . 5:26 
Lincoln 5-10 
Hereford . 5:00 
Warwick . 4°88 
Gloucester 3:97 
Leicester . 3°72 
Devon 3°53 
Durham 3°50 
Southampton 3:27 
Surrey i BSi23 
Northampton, . 2-90 
Sussex 2°71 
Berks 2°69 
Dorset 2°60 
Bedford 25 
Norfolk 2°37 
Hertford 2°20 
Rutland 2°19 
Oxford 211 
Bucks 2-00 
Kent . 1:84 
Huntingdon 1:72 
Cornwall 1°63 
Essex 1:61 
Cambridge 1:47 
Somerset 1:44 
Wilts 1:35 
Suffolk 0:43 
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Agricultural Counties 


Counties 


Bedford é 
Berks 
Bucks. . 
Cambridge. . 
Cumberland . 
Devon. . 
Dorset . ‘ 
Essex 
Hereford 
Hertford 
Hunts 
Lincoln . 
Norfolk . 
Northampton 
Oxford . 
Rutland 
Somerset FE 
Southampton 
Sussex 
Westmoreland 
Wilts, ..% F 
Suffolk . 


Average 


Twenty-five years’ average 
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E. Crime 1n ReLation To Occupation. 


1857-61 
1862-66 
1867-71 
1872-76 
1877-81 


Manufacturing, Industrial, and Mining 


Counties 
Commits | Conatien ae 
. 0°63.| Chester . e < 0°64 
. 047 | Cornwall 5 0°21 
. 049 | Derby . é . 0°32 
0°31 | Durham OSL 
0°53 | Gloucester 0°53 
0-27.| Kent » O41 
0-48 | Lancaster . 086 
0°36 | Leicester 0°41 
0:97 Middlesex 0:93 
0°50 | Monmouth 0°61 
0:26 | Northumberland 0°34 
0-42 | Nottingham . 0:33 
0°53 | Salop 0°52 
0°56 | Stafford 0:56 
052-| Surrey . 0°56 
0°33 | Warwick . 0°68 
0-44 | Worcester . 065 
O64)" York’. ; ' » O-+42 
- -0°50 
. O32 
0°42 
- .0°35 
- 048 Average e ‘ ‘ « Onl 


F. Surcwszs. 
England and Wales. 


Average number 
° : 1,309 . 


. « * 1,351 : 
. - * 1,489 . 
. . 1,555 . 


° 5 1,826 ° 


1,361 . 


Per 1,000,000 
i662 
65 
67 
65 
72 


67 
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Total Amount and Proportion per head of the Population in each County 
held at the Savings Banks in 1880. 


England and Wales. 


: Post Office Trustees 
Counties Savings Bank | Savings Banks 
000 omitted 000 omitted 

Bedford . ‘ £187 £131 
Berks é 386 518 
Bucks . a 236 124 
Cambridge 238 293 
Cheshire e 553 1,203 
Cornwall é 224 760 
Cumberland 113 421 
Derby . F 377 591 
Devon , x 563 2,022 
Dorset , 265 299 
Durham , 465 340 
Essex . 882 361 
Gloucester ; . 820 943 
Hampshire : 1,237 347 
Hereford ; 121 308 
Hertford ? 445 88 
Hunts 3 ¢ 121 — 

Kent : ‘ 23315 « 420 
Lancaster A 1,797 5,633 
Leicester 274 426 
Lincoln . 424 865 
Middlesex 6,727 5,408 
Monmouth 249 113 
Norfolk . < 595 721 
Northampton . 277 324 
Northumberland 236 1,124 
Nottingham 312 783 
Oxford 328 329 
Rutland . 31 — 

Salop 358 796 
Somerset 523 900 
Stafford . 1,069 308 
Suffolk 433 491 
Surrey 2,726 603 
Sussex . 974 602 
Warwick ‘ 1,565 256 
Westmoreland , 49 32 
Wilts . F : 295 464 
Worcester js 515 328 
York . . . . 1,244 3,978 


Total 


000 omitted 
£318 
904 
360 
531 
1,756 
984 
534 
968 
2,585 
564 
805 
1,243 
1,763 
1,584 
429 
533 | 


Per head 
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England and Wales—continued. 
Wales. 
3 Post Office Trustees 
Counties, Savings Bank | Savings Banks Total Per head 
000 omitted 000 omitted 000 omitted 8. 
Anglesea £37 — £37 14 
Brecon . . ; 48 £29 f(t 26 
Cardigan 46 44 90 25 
Carmarthen 88 104 192 30 
Carnarvon 63 22 85 14 
Denbigh 79 84 163 29 
Flint 60 101 161 40 
Glamorgan 330 372 702 27 
Merioneth 33 — ° O8s 12 
Montgomery 49 109 - 158 48 
Pembroke 86 193 279 60 
Radnor . 22 21 43 35 
941 1,079 2,020 29 
31,487 34,731 66,219 52 
Scotland. 
Aberdeen P 46 433 479 36 
Argyll “ 22 ll 33 9 
Ayr. 54 — 54 5 
Banff “ 11 23 34 11 
Berwick . 12 5 17 10 
Bute 3 34 au = 41 
Caithness 5 32 37 19 
Clackmannan . 5 — 5 4 
Dumbarton 14 19 33 9 
Dumfries 16 16 32 8 
Edinburgh 63 1,291 1,354 70 
Fife 41 231 272 32 
Forfar 38 535 573 43 
Haddington 10 -- 10 5 
Inverness ; 14 7] 85 19 
Kincardine 5 90 95 56 
Kinross : 2 — 2 6 
Kirkeudbright 10 18 28 13 
Lanark : 90 3,026 3,116 69 
Linlithgow 12 — 12 6 
Moray and Elgin 15 28 43 20 
Nairn . ; 2 12 14 28 
Orkney . 5 3 — 3 2 
Peebles 3 — - 3 4 
Perth 25 155 180 28 
Renfrew . A 20 185 205 14 
Ross and Cromarty . 15 7 22 6 
Roxburgh - 12 161 173 65 
Selkirk . : 6 16 22 17 
Shetland. 5 — 5 3 
Stirling . ; 23 173 196 35 
Sutherland . 5 — 5 4 
Wigtown. a 11 — 11 6 
620 6,574 7,194 38 
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Ireland. 
Counties Sects Bak Sevinee Beak 5 Total Per head 

000 omitted 000 omitted 000 omitted 3. 
Antrim . 5 : c £199 £217 £416 20 
Armagh . “ 5 : 29 180 209 25 
Carlow . : ; - 15 —_— 15 6 
Cavan. : ‘ - 21 10 31 5 
Clare : : < : 19 17 36 5 
Cork 5 : : ; 127 405 532 22 
Donegal . : : : 39 — 39 4 
Down . ; : : 85 81 166 12 
Dublin . : : 338 255 593 28 
Fermanagh . : . 17 156 173 41 
Galway . ; : ; 55 — 55 5 
Kerry . : c . 23 — 23 2 
Kildare . : 3 : 31 17 48 13 
Kilkenny 5 ; A 25 — 25 5 
King’s County : : 20 Ik 31 9 
Leitrim . 5 5 e 12 — ble 3 
Limerick : is : 36 98 134 15 
Londonderry . : : 34 315 349 42 
Longford : : F 9 _- 9 3 
Louth . : é F 52 11 63 16 
Mayo. : ; : 45 — 45 4 
Meath . , ‘ - 18 1 19 4 
Monaghan. ; ; 18 29 47 9 
Queen’s County J 5 18 9 27 7 
Roscommon . : : 16 29 45 7 
Sligo ‘ 3 ; ‘ 28 — 28 5 
Tipperary : . . 62 19 81 8 
Tyrone . 5 : j 46 126 172 17 
Waterford : : : 24 90 114 19 
Westmeath . : : 25 10 35 10 
Wexford. é : : 38 9 47 7 
Wicklow . ; c j 32 5 37 10 

1,556 2,100 3,656 14 


H. Graparion or Turirt In EnGuish Counties. 


Shillings Shillings 
Savings Banks per head Savings Banks per head 
1 Salop . : : : 93 21 Hertford . : : 52 
2 Devon. + : 85 22 Suffolk ; A 51 
3 Middlesex . 4 5 83 23 Surrey. 5 . : 49 
4 Berks . 3 5 3 83 24 Warwick 5 F 49 
5 Hertford . . : 70 25 Worcester . - 44 
6 Sussex. é is ‘ 64 26 Northampton : f 44 
7 Oxford 5 ' N 62 27 Lancaster . : é 43 
8 Northumberland . . 62 28 Leicester . : : 43 
9 Gloucester . ‘ ; 61 29 Bedford S : i 42 
10 Somerset . Fi ; 60 30 Cumberland 3 42 
11 Cornwall . : - 59 31 Derby . . : ; 42 
12 Norfolk 3 ; 59 32 Bucks . A 4 - 41 
13 Dorset. Pe - . 59 33 Hunts . 0 ; . 40 
14 Wilts . : é 58 34 York . : ‘ 4 36 
15 Cambridge . 5 57 35 Monmouth . - Z 34 
16 Kent . i - - 56 36 Rutland c ‘ $ 29 
17 Nottingham . ‘ 56 37 Stafford : ; : 28 
18 Lincoln Q e : 55 38 Westmoreland . . 25 
19 Chester : . P 54 39 Essex . s J 25 


20 Southampton . : 53 40 Durham. : 18 
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On the Treatment of Steel for the Construction of Ordnance, and 
other purposes. By Sir W1LL1AM ArMsTRONG, C.B., FLR.S. 


[A communication ordered by the General Committee to be printed in extenso 
among the Reports. | 


THE improvement which of late years has been effected in the manufacture 
of steel, and the control which has been attained over the quality produced, 
now seem to justify its exclusive employment in the construction of ord- 
nance. We have, therefore, to consider what are the conditions under 
which it can be most favourably used for that and other purposes. 

There is at present much want of a proper definition of steel. The 
term was formerly confined to iron containing a much higher proportion 
of combined carbon than is to be found in the so-called mild steels of the 
present day. Where steel ends in the downward scale of carbonisation, 
and where iron begins, it is impossible to say, for not even wrought iron 
is absolutely free from carbon. The chief distinction between iron and 
steel now seems to lie in the process of manufacture—steel being operated 
upon in a state of fusion, while iron is dealt with in a state of agglutination. 
But, even in the mild state, steel, as thus defined, contains more carbon 
than is generally to be found in wrought iron, and this excess, small as it 
is, appears to exercise a very important influence upon its qualities. These 
qualities have been very distinctly brought out in some investigations 
I have recently had occasion to make on the welding, tempering, drawing, 
and annealing of steel, and as the results possess a general interest inde- 
pendently of gun-making I shall now place the substance of them before 
this Section. 

First, as to the adaptation of steel for welding. Asa matter of every- 
day practice, we know that steel very low in carbon is capable of welding, 
and it has frequently been maintained that, without departing from the 
system of constructing ordnance known as the ‘coil system,’ great ad- 
vantage would be realised by substituting mild steel for wrought iron in 
the making of welded coils. Our distinguished President, Dr. Siemens, 
who has taken such a leading part in the modern development of steel 
manufacture, and whose knowledge of the metallurgy of the subject is not 
surpassed by that of any other person, has held this opinion, and a few 
years ago he supplied to my firm a sample of mild steel specially prepared 
for this purpose. It was very low in carbon, containing only about 5th 
per cent. A test piece cut from the bar as it came from the maker 
showed the limit of elasticity, or point at which permanent stretch com- 
menced, to be 13°5 tons per square inch, being not much greater than that 
of wrought iron; and it broke at 23:3 tons, showing that its ultimate 
strength was also very similar to that of iron, but its ductility was so 
great that it stretched to the extent of 37°5 per cent. on a length of two 
inches before breaking. A similar test piece tempered in oil had its 
elastic limit raised to 24 tons per square inch, and it broke at 28°6 tons 
per square inch, while its ductility remained nearly the same as before, 
the elongation being 36 per cent. instead of 37°5. It will be perceived, 
therefore, that the material was of a very fine quality, and if the results 
attained with the tempered specimen could have been realised in a welded 
coil, its superiority over wrought iron would have been very marked 
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indeed. Two welded coils of equal dimensions were made from this 
material, and there was no appearance in either case of defect in the 
welding. Both of these coils were tempered in oil, and one of them was 
applied as a jacket to a steel cylinder closed at both ends and used for the 
purpose of determining the pressure exerted by different charges of gun- 
powder fired in confinement. An exact duplicate of this cylinder was 
jacketted with a coil of wrought iron of the same dimensions as the steel 
one, and the two cylinders were used in comparison with each other. 
Much to our surprise, the cylinder with the steel jaeket began to stretch 
laterally under a pressure which produced no change in the wrought iron 
coil. The experiment was considered conclusive against the use of steel 
for welded coils, and no further attempt was made to use it for that 
purpose. 

The duplicate of this steel coil was laid aside, and my attention having 
been lately recalled to the subject I applied myself to discover the cause 
of the inferiority displayed after undergoing the process of coiling and 
welding. I had a test piece cut from the coil in the lengthways direction 
of the bar of which it was made, and I found the elastic limit was only 
12°5 tons per square inch, against 24 tons in the previous tempered test 
piece; while the breaking point was 19:1 tons, against 28°6 tons in the 
former case. The loss of ductility was still more decided, the elongation 
being only 7°5 per cent. instead of 36 per cent. I then had a test piece 
cut across the welds, and this broke, not at a weld, but through the 
solid, showing that the welding was perfect. In this case the elastic limit 
was 12 tons per square inch, the breaking point 20°1 tons, and the elon- 
gation 6 per cent. To determine whether the deterioration which the 
material had sustained was permanent, or whether the quality could be 
restored, a portion of the welded coil was hammered out in length, and 
reduced from a piece about 5 inches broad and 2 inches thick to a section 
of 1 inch square. A test piece from this bar showed a complete restora- 
tion of the fine qualities of the steel and a great accession of strength. 
The limit of elasticity rose to 21 tons, the breaking point to 27 tons, and 
the elongation to 36°5 per cent. It was remarkable, however, that after 
this treatment no further increase of strength was obtained by a renewal 
of the tempering process. The fracture of the test piece from the original 
bar was slate-coloured, and of the character usually called fibrous. The 
test pieces from the coil showed a coarsely granular fracture, but in the 
restored state effected by hammering, the fracture again became slate- 
coloured and fibrous. 

Thinking it possible that the coil might have been overheated in the 
welding process, I had a pile made with a number of small slabs of the 
restored material, and welded at a somewhat lower heat than had been 
applied in making the coil, but test pieces cut across the pile invariably 
failed at the junctions with a very insignificant strain, showing that the 
welding heat could not be reduced consistently with sound welds. 

In order to ascertain whether it was the heating or the hammering 
that had injured the welded coil, I had a piece of the material cut from 
. the coil, and restored to a good condition by drawing under the hammer, 

and then heated up to the welding point, and allowed to cool without 
being hammered for welding. In this case the fracture showed no change 
of crystalline structure, nor was there any decided alteration in quality 
except that the hardening effect of the hammering was removed. It 
began to stretch at a low limit, namely 12°5 tons per square inch, but its 
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breaking point was 25:2, which was higher than in the original bar. The 
elongation remained nearly the same, being 34 per cent., so that the 
mere heating to a welding temperature without disturbing the particles 
by hammering had no serious detrimental effect. 

I then took a piece of the steel in the restored condition, and after 
heating it to the welding point, delivered upon it in that state a single 
blow of a hammer sufficient to crush it into half its thickness. The 
result was that the flattened piece divided into fissures all round the 
edges. For the purpose of comparison, I took a piece of wrought iron 
selected at random from a scrap heap, and treated it in exactly the same 
manner. The result was that the iron bore the blow, flattening it to the 
same extent as the steel, without showing the slightest fissure on the 
edges. These two pieces are now on the table, and it is impossible to 
examine them without perceiving that the steel, though differing so little 
from iron in the amount of its carbonisation, was yet, when heated to 
the welding point, in a state of friability, while the iron remained per- 
fectly plastic. The conclusion was thus confirmed that it is the dis- 
turbance of the particles in this friable state, and not the mere heating, 
which exercises the injurious effect in the welding process. 

I was not surprised to find that the coil itself had derived no benefit 
from the tempering, because although steel, so low in carbon as this 
sample, is considerably improved by tempering when the piece subjected 
to the process is of small dimensions, yet when the bulk is considerable 
the cooling in the oil is not sufficiently rapid to produce any decided 
effect. 

My next experiments were made upon a block of gun steel contain- 
ing *34 per cent. of carbon, which had been rejected on account of its 
deficient tensile strength. A test piece cut from this block as received 
from the maker began to stretch permanently at 11 tons per square inch, 
breaking at 29°4 tons per square inch, with an elongation of 24°25 per 
cent. ; but a piece of the same steel drawn out under the hammer at a red 
heat from a thickness of 5 inches to a thickness of 1} inches, resisted 
19 tons instead of 11 without stretch, and a breaking strain of 33:2 tons 
against 29-4, with an elongation of 27°5 against 2425. A piece of the 
same steel 5 inches long by 4 inches thick, having been tempered in oil, 
gave a test piece which showed a further increase of strength, with little 
diminution of ductility. It began to stretch at 23 tons, breaking at 
36°5 tons, and elongating 21 per cent. Various attempts were made to 
weld this steel in a pile of slabs, but it was found impossible to make 
sound joints, and the steel was even more deteriorated than had been the 
case with the previous sample; but a piece of this material spoiled in the 
attempt to weld it, having been drawn out into a bar of an inch square, 
proved to be far stronger than in the original state. It stood 24 tons per 
square inch before stretching against 11 tons in the previous untempered 
state, and 33°6 tons before breaking against 29°4, but the elongation was 
reduced from 2425 per cent. to 15 percent. The fracture in this case 
was of the same character as in the original test piece, and showed no 
indication whatever of the previous injury it had sustained by the attempt 
to weld it. A piece of the same block heated to a welding temperature, 
and allowed to cool without hammering, gave a test piece which, so far 
from showing any injury by the heating, resisted a considerably higher 
strain than the sample taken from the block as it came from the maker. 
Its stretching point was 16 tons per square inch, its breaking point 33:2 
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tons, and its elongation 20 per cent. Another block of gun steel contain- 
ing rather more carbon, namely ‘41 per cent., gave the following results. 
A test piece cnt from the block in its original state began to stretch at 
14 tons per square inch, broke at 32°5 tons, and elongated 23 per cent. 
The same cut from a thick lump of the same material which had been 
tempered in oil resisted 28 tons before permanent stretch, and 43 tons 
before breaking, with an elongation of 16 per cent., thus showing the 
much greater effect of the tempering process where the proportion of 
carbon is increased, but showing also that the loss of ductility by the 
process becomes more considerable. 

It being important to ascertain whether cylinders which have been 
tempered in oil could be reheated sufficiently for the purpose of shrinking 
upon a gun, without destroying the effect of the tempering, a test piece 
cut from the same tempered lump of this steel was heated in melted zine 
to a temperature of 750°, and then allowed to cool naturally in air. Com- 
paring its resistance with the piece which had not been reheated, it gave 
25 tons per square inch against 28 tons before stretching, and 40-2 tons 
against 43 before breaking, but its ductility was increased from 16 per 
cent. to 20°5 per cent., so that although rendered slightly inferior in 
strength, it was rendered more ductile and tougher by the reheating. 
Similar experiments made with steel rather lower in carbon showed that 
the effect of reheating to this temperature was almost inappreciable either 
in the way of improvement or the contrary, and no degree of sudden 
cooling from so low a temperature had any distinct effect. On carrying 
the reheating to still higher degrees the effect of the previous tempering 
gradually diminished, but was not altogether obliterated even when the 
temperature was raised to the bright red heat at which the steel had been 
immersed in the oil for the purpose of tempering. The friability of the 
steel at a welding temperature became more marked as the percentage 
of carbon was increased. Of the many samples I tried the highest in 
carbon was the block already mentioned, containing 41 per cent. of 
carbon. This steel, like the milder samples, suffered very little from 
being merely heated to the welding temperature, provided that while’so 
heated it was not disturbed by hammering, but it was so friable at that 
temperature that it broke into a mass of small crumbs under a moderate 
blow of the hammer. It was remarkable, however, that the same blow 
of the hammer which detached them from the block united them in a thin 
cake on the anvil. 

Whether this friability at a high temperature can be corrected by 
combining other materials with it, is a point upon which my experience 
casts no light. If it can be so corrected without detriment to the material, 
the knowledge of how to do it will be an important acquisition to metal- 
lurgical science. 

Many of my test pieces were taken from rolled steel hoops containing 
from ‘22 to 35 per cent. of carbon, and all of these showed much greater 
tenacity than was exhibited by test pieces taken from forged blocks of 
similar material. It is one of the characteristics of mild steel that it is 
enormously increased both in strength and toughness by being drawn 
out either by rolling or hammering, but especially by rolling, which is 
more uniform in its action than hammering. There can be no doubt that 
the process of rolling steel tyres may be extended to the production 
of rolled hoops of great width, and the time may not be distant when 
we aed see a realisation of the prediction made many years ago by Sir 

2. DD 
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Frederick Bramwell, that we should eventually be able to produce in this 
manner continuous unwelded cylinders for boiler-making purposes. Steel 
cylinders thus made and tempered in oil will be in a highly favourable 
condition for the construction of ordnance, but in order to make them 
available for longitudinal as well as for lateral strengths it will be essential 
to have them in much greater widths than existing machines are com- 
petent to produce. 

All ductile metals derive additional strength by being stretched, but 
steel does so in a pre-eminent degree. Roughly speaking its modulus of 
elasticity may be taken as equal to +,j55th of an inch per foot for every 
ton per square inch of tensional strain. This measure of elasticity applies 
equally or nearly equally to all kinds of steel, but the range of elasticity 
becomes greater as the strength is increased. Thus steel that will bear 
20 tons without permanent stretch will retract ;2,ths of an inch per foot 
of length on being released from its load, while steel that will bear 40 
tons without permanent stretch will recover +3,ths of an inch per foot on 
the removal of the strain. So also if the weaker specimen which recovers 
only ;%5ths of an inch be stretched to a point at which it will sustain 40 
tons per square inch, it will be in exactly the same condition in regard to 
elasticity as the stronger specimen which bore that load in the first 
instance—that is to say, its range of elasticity will be doubled. This is a 
very valuable quality, enabling the steel to gather strength as it yields to 
an imprudent increase of load. As an illustration of the extraordinary 
strengthening effect of stretch upon mild steel I may mention that a 
sample of the steel taken from the welded coil to which I have adverted, 
and which in its original state showed a tensile strength very slightly 
exceeding that of wrought iron, sustained a load of nearly 85 tons per 
square inch measured on the attenuated section of fracture. 

But much as steel gains in strength by the process of rolling it gains 
still more by that of wire-drawing. No form of steel is comparable in 
respect of strength and toughness to that which has been drawn into 
the form of wire or riband, and in the case of its application in that form 
to the strengthening of a cylinder it has the additional advantage of 
admitting of being laid on with a more favourable adjustment of tension 
than is practicable with a solid hoop of considerable thickness. But, 
even with wire, the best tensional condition for giving strength to a 
cylinder can only be approximately attained, owing to the fact, which is 
commonly overlooked, that, in bending a wire over a cylinder, it is im- 
possible to give the proper degree of stretch to both of its sides. The 
outer side having a larger circle to describe must necessarily undergo 
greater elongation than the inside, and in fact, unless the wire be laid on 
at a far higher strain than would be necessary or beneficial in the case of 
rings, the inside, acting as a fulcrum to stretch the outside, will assume a 
state of compression which can only be taken off by expanding the 
cylinder after the wire has been laid on. The thinner the wire the less 
will this disadvantage be felt, and for this reason a given area of section 
is much better in the flat or riband form than either round or square. 
Great additional strength is given to steel wire by tempering in man- 
ganese, and the highest strength is attained by passing the wire repeatedly 
through the die as a final operation after the tempering process. The effect 
of this treatment is to put a very hard skin upon the wire, which, though 
greatly adding to the strength, is very unfavourable for bending, and a 
very slight injury to the surface greatly conduces to fracture. Ductility 
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is of paramount importance in wire that has to be coiled at a high tension 
on a cylinder, and for this reason wire tempered after instead of before 
finishing is safer, though not so strong. If this wire be thick, judicious 
annealing, though it lessens the ultimate strain which the wire will bear, 
raises in a very marked degree the limit of elasticity. I have found flat 
steel wire of about ‘2 of an inch thick, and of great ultimate strength, 
begin to stretch permanently at a tension as low as 25 tons per square 
inch, while after being properly annealed it would bear 35 tons before 
permanent movement. The explanation of this curious fact is probably 
to be found in the removal by the annealing process of contending states 
of tension produced by the drawing or tempering on the inner and the 
outer portions of the wire. This view is confirmed by the fact that, when 
the thickness of the riband was reduced to somewhat less than half, this 
advantage of the annealing process almost entirely disappeared, and the 
wire was simply softened and rendered more ductile. 

Castings of steel, unhammered, are improved by being tempered in 
oil in much the same degree as the forged material. Test pieces cut 
from a cast trunnion of steel gave the following results :—Before temper- 
ing the elastic limit was 16 tons per square inch and the breaking point 
27°8 tons, the elongation in 2 inches being 7°5 per cent. After tempering 
the elastic limit was 23 tons, the breaking point 37°7 tons, and the 
elongation was 12°5 per cent., showing a great improvement under every 
head. The quantity of combined carbon contained in this specimen was 
-36 per cent. The objection to the use of cast steel in the unhammered 
form is that it is liable to unsoundness from air-bubbles; but this, I 
think, ought not to exclude its use for trunnion rings, which, from their 
peculiar form, can only be very imperfectly forged. The unsoundness 
from this cause would be greatly mitigated by casting under pressure, as 
advocated by Sir Joseph Whitworth. 

There is much less sacrifice of ductility or toughness where increase 
of strength is obtained by tempering than by increase of carbon, and, in 
fact, the advantage of tempering in oil is so apparent, both in the case of 
steel castings and of steel which has been either rolled or forged, that 
there is strong inducement for engineers to avail themselves of the 
process for increasing the efficiency of the material in nearly all its 
applications. The saving of the weight of material necessary for a given 
purpose would amply repay the cost of the tempering, and in the case of 
bridges of great span, where the strains are chiefly due to the weight 
of the structure, independent of its load, the economy effected wonld be 
far more than proportionate to the increase of tensile strength in the 
material. 

My experiments are not sufficiently extended to enable me to speak 
definitely as to the best proportion of combined carbon for steel to which 
the tempering process is to be applied, but excellent results can certainly 
be attained with steel containing *35 per cent. of carbon. If the masses 
to be dealt with are thin less will suftice; if thick, more will be required ; 
but it is quite possible that the mode of applying the oil in the tempering 
process might be improved so as to render it more efficacious where the 
bulk of the steel is large. 
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The Channel Tunnel. 
By J. CLarkE Hawxsuaw, M.A., F.G.S., MLC.E. 


[A communication ordered by the General Committee to be printed in extenso 
among the Reports. ] 


[PLATES V., VI., VII.] 


Tuis year the Channel Tunnel Company sought to obtain powers from 
Parliament to enable it to make a tunnel to connect this country with 
France, by a railway beneath the Channel, and it deposited plans and pre- 
pared a Bill for the purpose. The South Eastern Railway Company did 
likewise. Neither Company obtained a hearing before Parliament, but 
there have been preliminary inquiries by the Government, the results of 
which are that they have announced their intention of submitting the 
whole question to a Select Committee of both Houses, to be appointed 
early in the next session of Parliament. 

The Channel Tunnel Company had proposed to make a tunnel begin- 
ning in Dover and passing beneath the shore line, about two miles 
eastwards of that town, at Fan Hole, near the South Foreland. 

The South Eastern Railway Company’s plans showed a tunnel begin- 
ning at the west end of the undercliff which lies between Folkestone and 
Abbot’s Cliff, and which was to pass beneath the shore line, near Shake- 
speare Cliff, to the west of Dover. 

A Submarine Continental Railway Company was incorporated this 
year to purchase certain works belonging to the South Eastern Railway, 
consisting of two shafts, sunk on the foreshore, near Abbot’s Cliff and 
Shakespeare Cliff, in the lower beds of the chalk, and a mile or there- 
abouts of headings driven in the lowest beds of the same formation. 
Nearly everything that has been heard during the last twelve months 
about a Channel Tunnel has emanated from this Company, who maintain 
that the part of the coast on which the South Eastern Railway Com- 
pany’s works lie is the only place from which the tunnel can be made. 

The Channel Tunnel Company has remained silent, relying on an 
opportunity of proving its case before a Parliamentary Committee. That, 
hitherto has been denied to it; but the following facts may show that 
the Channel Tunnel Company’s proposal is worthy of consideration, and 
that the question has not at all been settled by the South Eastern Rail- 
way Company’s operations. 

The Channel Tunnel Company was incorporated ten years ago—in 
January, 1872—when it had already existed in the less ambitious form of 
a Committee for four years, viz., from 1868 to 1872, and it comprises 
among its supporters and advisers those who, nearly seventeen years ago, 
carried out the first practical investigations, both geological and engineer- 
ing, which were undertaken with a view to ascertain where and how a 
tunnel could be made beneath the Channel. (Geological surveys were 
then made which determined the identity of the beds on the two sides 
of the Channel. The continuity of the same beds across the bottom of 
the Channel was determined by a sounding apparatus, which brought up 
specimens from the bottom. The thickness of the chalk was ascertained 
by borings 500 feet deep, made through it on the two coasts; and a 
machine, made by Mr. Brunton, for excavating chalk was tested, and 
was found to work as rapidly and as efficiently as the machine lately used 
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between Folkestone and Dover, of which so much has been said. All the 
geological work was done in the years 1865-7 ; the machine was tested 
in 1870.!_ Moreover, this same Channel Tunnel Company originated the 
French Company, and supplied the plans on which their concession was 
obtained in 1875. Investigations which have since been made have con- 
firmed the results of these earlier inquiries, but have added no new facts 
of much importance from an engineering point of view. 

Having given so much of the history of this Company as seemed 
necessary, I will now proceed to the general question of the tunnel. 

I shall pass by the political, and, in great part, the military side of the 
question—but the latter cannot be overlooked by the civil engineer, as 
the terminal point of the tunnel will, in this country, have to be deter- 
mined by military considerations. 

Primarily, the Channel Tunuel question is a geological one. A know- 
ledge of the geological conditions of the ground to be passed through is 
absolutely necessary for the successful execution of a tunnel under the 
Channel. 

Monsieur Thomé de Gamond was the first engineer who worked at the 
geological part of the question. With admirable energy and perseverance 
he devoted much time to the study of the geology of England and France, 
not confining his labours to the coast line, but continuing them inland. 
Unfortunately he failed to realise the insuperable difficulties of making a 
tunnel under the Channel through the formations below the chalk. The 
result of his labours was the proposal to make a tunnel under the Varne 
from Folkestone to Cape Grisnez, through the Wealden and Oolitic for- 
mations. Monsieur Thomé de Gamond had not neglected to consider the 
possibility of making a tunnel through the chalk further to the east. 
He was led to select the line under the Varne, in the belief that, by 
sinking a shaft on the Varne, the tunnel could be attacked at four points 
instead of two, and so the work could be more quickly done. In this, I 
think, most engineers will now agree he was mistaken, and that a tunnel 
is not practicable on the line which he adopted. In later years M. Thomé 
de Gamond was associated with those who proposed a tunnel through the 
chalk, and he signed the plans for such a tunnel, on which the I'rench 
concession was obtained in 1875. It was in the year 1866 that he pro- 
posed a tunnel under the Varne. 

For some years before this time, Sir John Hawkshaw had been con- 
sidering the practicability of a tunnel under the Channel. His large 
experience in tunnelling led him to see the facilities which the chalk 
would offer for making such a tunnel. Early in 1865 he obtained the 
services of Mr. Hartsinck Day, an accomplished geologist, who possessed a 
knowledge of surveying. Mr. Day spent several months in that year in 
examining and surveying the cretaceous and underlying beds on the Eng- 
lish and French coasts, and prepared for him a geological map, showing 
the position of those beds along the two coasts. He, moreover, made a 
conjecture as to their position on the bed of the intervening sea. This 
survey confirmed the fact—in so far as it was then known from the writings 
of W. Philips, De la Beche, and others—that the chalk strata overlying the 
gault are almost identical, bed for bed, on the two coasts. 


! Trials were made with Mr. Brunton’s machine in the grey chalk at Snodland on 
many occasions. On the 8th September, 1870, it excavated a heading 7 feet in diameter 
at the rate of 44 inches per hour; on the 20th January, 1871, the rate was 45 inches an 
hour, and on the 25th February, 1871, it was 49 inches an hour. 
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To supplement Mr. Day’s work, in so far as it related to the Channel, 
Sir John Hawkshaw employed Mr. H. M. Brunel to take soundings across 
the Channel, and to ascertain, as far as possible, the nature of the material 
forming the bottom of the sea. An apparatus was devised for the purpose, 
by means of which specimens of the sea-bed were obtained. It was found 
that, instead of the sea-bottom being composed of loose transported 
material, it was mostly formed of rocks, in situ, similar to, those seen on 
the adjoining coasts. This marine survey, carried out in 1865 and 1866, 
determined the continuity of the upper cretaceous beds across the Channel. 
It did not confirm Mr. Day’s conjecture as to the position of the beds 
throughout. Specimens of chalk brought up from the bottom showed 
that the outcrop of the gault near the English coast lay further to the 
west than Mr. Day had placed it. 

It was still necessary to ascertain whether the thickness of the lower 
beds of chalk, which had been measured in the cliffs on both coasts where 
all the beds are exposed, was maintained after the lower beds disappeared 
beneath the sea. Accordingly Sir John Hawkshaw determined to bore 
through the chalk, at two points, on the English and French coasts 
respectively. In this costly operation he was assisted by the late Mr. 
Brassey, Mr. Wythes, and Messrs. Easton. The points selected for the 
borings were St. Margaret’s Bay. in England, distant 4 miles east of 
Dover and about 8 miles east of the outcrop of the lowest chalk beds 
on the coast, and Ferme Mouron in France, 24 miles west of Calais and 4: 
miles east of the outcrop of the same beds on the French coast. These 
borings showed that the thickness of the lower chalk does not diminish 
to any extent as we follow it eastwards from the outcrop. 

Thus, by the year 1867, the geological information was obtained which 
was thought to be necessary by Sir John Hawkshaw. Soon afterwards 
he prepared plans for the Anglo-French Committee, in conjunction with 
Mr. Brunlees and M. Thomé de Gamond, showing a tunnel through the 
chalk from St. Margaret’s Bay in England to Ferme Mouron in France. 
(Line A on Plan, PI. V.) 

In 1868 the Anglo-French Committee applied for a concession from 
the French Government, and a commission was appointed that year in 
France to examine the question. After various inquiries, and a long 
correspondence between the two Governments, a concession was obtained 
in France. A further series of geological investigations was then begun. 
These were made by French geologists and engineers. I may here remark 
that before granting the concession, which imposed very onerous condi- 
tions on the French Company, their Government obtained a declaration 
from the Government in this country that the latter did not object to a 
tunnel in principle. They, moreover, waited until our Parliament had 
passed a Channel Tunnel Bill authorising the Channel Tunnel Company 
to carry out certain preliminary investigations. 

The French Company were bound by their concession, obtained in 
1875, to spend 80,0001. (2,000,000 francs) in preparatory works of all 
sorts, such as investigations, pits, galleries, borings, &c. The conduct 
of these operations was entrusted to a Committee, presided over by M. 
Lavalley—so well known in connection with the Suez Canal works. The 
geological work was assigned to MM. Potier and de Lapparent, mining 
engineers and able geologists, and they were assisted by M. Larrouse, 
Hydrographer to the French Navy. They began by repeating and ex- 
tending, on a more elaborate scale, the marine survey made ten years 
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before by Sir John Hawkshaw. Using an apparatus of the kind already 
mentioned, they succeeded in bringing up a great number of specimens 
of the rocks forming the sea-bed. ‘These soundings confirmed, in all 
material points, the old survey. In addition, owing to the great number 
of soundings that were taken, and to the number of specimens from the 
bottom that could be identified, it became possible to plot, with some 
accuracy, the junction of the lower chalk and gault from shore to shore, 
except for a short distance. where those beds pass beneath the sands of 
the Varne. In addition to the marine survey, a second boring was made 
at Sangatte, and the results of this work—done in 1875-6—were published 
in 1875-7, in the form of reports, with maps and sections. Since then 
the French Company—acting under the advice of M. Lavalley and M. 
Raoul Duval—have sunk two shafts a little to the west of Sangatte, and 
have driven some short headings, in different directions, through the 
lower beds of the lower chalk, and they are now driving two longer 
headings by machinery. This is being done for the purpose of defining 
the position of the gault and lower beds of chalk. 

The researches by the French Company have as yet brought no very 
novel facts to light, such as to disturb the main conclusions which had 
been previously arrived at in this country, but they have made our know- 
ledge more definite in several particulars. Their survey shows that there 
is no break in the line of the outcrop of the gault, such as would be 
caused by any large fault. It attempts to define the position of the 
outcrop of the various divisions of the chalk. The position of these 
outcrops, on the plan accompanying the French Report (1877), indi- 
cates a considerable depression in the chalk beds, extending along and 
not far from the English coasts. Mr. Topley, of the Geological Survey 
of England, who reported to the Channel Tunnel Company, in 1878, on 
the French investigations, inclines to think that the view of the French 
geologists, with regard to the existence of such a depression, is correct. 
He thinks, moreover, that we may take the position of the outcrop of 
the gault, as it is shown by them, as being, for all practical purposes, 
accurate. It differs from that suggested by Mr. Day; but the marine 
survey made for Sir John Hawkshaw had already shown that the chalk 
probably extended near the English coast much further to the west than 
Mr. Day had shown it. We must remember that Mr. Day, in laying 
down the position of the beds across the Channel, had no other data than 
he could procure from a study of them on the two coasts. 

Since 1880 the South Eastern Railway Company has been carrying 
on experimental works between Folkestone and Dover. It has sunk 
two shafts, one near Abbot’s Cliff and one near Shakespeare Cliff. A third 
shaft is being sunk to the east of Shakespeare Cliff. Headings have been 
driven from the first two shafts, in directions more or less parallel with 
the cliff, in the lower beds of grey chalk. 

The above account is a brief summary of the geological work done up 
. to the present time in connection with the Channel Tunnel question. 

As English and French geologists do not employ the same terms in 
describing the principal divisions of the chalk, I have given a comparative 
table, showing the divisions recognised in the two countries (see p. 419). 

Before leaving the geological part of the question, I will refer briefly 
to the information that is available, and may be of use in discussing the 
question of the tunnel, but which has been collected by geologists, not 
for that purpose, but in furtherance of their own science. Early in this 
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century the attention of geologists was given to the chalk cliffs forming 
the south coast of England. Mr. W. Philips read a paper before the 
Geological Society of London, in 1818,! describing the various beds of 
chalk, showing how constant they were in character and composition at 
points far apart, and, moreover, that corresponding beds were found on 
the French coasts of the Channel. These views were confirmed by De la 
Beche, in 1821.2, Mr. Hopkins, in 1857, in his account of the structure 
of the Wealden district and the Bas Boulonnais, deals with the dis- 
turbances which affected these beds, as well as others, in the south-east of 
England. The eastern boundary of his ‘disturbed district’ passes from 
Abbot’s Cliff to Cape Grisnez, just missing the area which any tunnel 
through the chalk must traverse. Mr. F. G. H. Price contributed a 
valuable paper, in 1876, on the gault and upper chalk near Folkestone; 
but it is to Mr. Whitaker and Mr. Topley, of the Geological Survey, that 
we are indebted for most of the facts, which have been acquired during 
late years, respecting the beds in question, which facts have been pub- 
lished in the memoirs of the Geological Survey and elsewhere. 

In France, Prof. Hébert, Dr. Barrois, M. Potier, and others have 
added much to our knowledge of the cretaceous beds in that country. 

In a few words, the following is a summary of our geological know- 
ledge of the question, as regards the chalk. This is the only formation 
we need consider, for no other offers equal advantage for the construction 
of atunnel. Indeed, through no other formation is a tunnel practicable, 
taking all things into consideration :— 

Identical beds of chalk are exposed above the gault in the cliffs on 
the two sides of the Channel. These beds are, on the two shores, similar 
in composition, contain similar fossils, and vary but little in thickness. 
Taken as a whole, they have a slight dip to the north-east. They have 
been found to pass uninterruptedly across the bed of the Channel. Borings 
have shown that the lower beds increase rather than diminish in thickness 
as they dip below the sea-level to the eastward of their outcrop. 


Position and Line of Tunnel. 


It will be necessary to assume certain requirements to be fulfilled by 
the tunnel before proceeding to discuss on what line it will be best to 
make it. I shall assume that— 

1. It will communicate with existing railways in the ordinary way 
by continuous railway, and not, as has been suggested, by shafts 
and hydraulic lifts. 

2. It will be provided with a means of drainage by gravitation to the 
shore. That is, the water met with in the tunnel should be able 
to flow by gravitation from the summit level in mid-channel to 
the shores of the two countries. This is necessary for safety 
during construction, and for drainage afterwards. 

3. It will be made for two lines of way, and be so designed as to be 
capable of being worked by ordinary locomotives. 

4. The gradient will nowhere exceed about 1 in 80. 

Geology has told us the kind of strata which will be met beneath the 

Channel. The experience of engineers gained in past works can alone 
determine through which of these strata, and through what part of them, 


1 Transactions, Geological Society of London, vol. 5. 
2 Thid., vol. 1. 
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it will be best to pass. Before attempting to do so due consideration 
should be given to the following questions :— 

1. What are the military requirements with regard to the tunnel ? 

2. Where must the tunnel end inland in order to give the best 

accommodation to existing railways ? 

3. What are the most favourable strata for the tunnel works ? 

4, On what line will any error in our geological calculations be of 

least moment ? 

5. Which is the shortest practicable submarine line ? 

The problem, in so far as it depends on surface features of the land 
and geological conditions, is very different in the two countries, being 
simpler in France. The points where the tunnel can pass under the 
shore-line in France are limited by geological conditions to the part of 
the coast which lies between the Ferme Mouron on the east (where the 
boring was made in 1867) and Sangatte on the west, a distance of about 
2 miles. The country, for some way inland throughout this distance, is 
low and flat, and, probably looking to military requirements, or to com- 
munications with existing railways alone, it is not very material, within 
these limits, where the tunnel first reaches the coast. ‘Ihe point may be 
determined wholly by engineering and geological requirements. 

The case is very different and much more complicated on the Hnglish 
coast. Geological conditions will admit of the tunnel passing under the 
shore-line anywhere between St. Margaret’s Bay on the east and Shake- 
speare Cliff on the west, a distance of 44 miles. With the exception of 
the valley of the river Dour, which enters the sea at Dover, the land 
along this part of the coast is high, bounded by chalk cliffs from 200 to 
500 feet high. 

Such being the nature of the coast, there are only three places where 
the exit from the tunnel can be made—in the valley of the Dour near 
Dover, inland in the chalk escarpment to the north of Folkestone, and in 
the landslip between Abbot’s Cliff and Folkestone. In the first case the 
tunnel would pass under the shore-line to the cast of Dover, and in the 
two latter cases to the west of Dover. At the last-mentioned place, 
between Abbot’s Cliff and Folkestone, the tunnel on the South Eastern 
Railway has been partially destroyed by a landslip, and the line was 
blocked for some weeks near Abbot’s Cliff by a fall of the chalk in 1876. 
This part of the South Eastern Railway is liable to be obstructed at any 
time by larger landslips. For this reason it would be out of the question 
to place the tunnel mouth on such treacherous ground, even if the place 
satisfied other requirements, such as facilities for the defence of the 
tunnel, and for communication with existing railways. Similarly, if the 
tunnel exit were in the chalk escarpment to the north of Folkestone, it 
would be near no fortified place, nor could junctions be conveniently 
made with existing railways. Moreover, this position would necessitate 
at least 6 miles of land tunnel, in addition to a longer sea tunnel, than 
from any point of the shore further to the east. The valley of the Dour 
alone remains to beconsidered. The tunnel mouth can there be placed at 
a moderate height above high-water level, which means a shorter length 
of tunnel and better gradients between the tunnel mouth and the lowest 
point of the line beneath the sea; it can be placed either within or with- 
out the fortifications, as the military authorities may require; and, as 
the existing railways terminate at Dover, they can with ease be con- 
nected by short railways with the tunnel line. It remains to be seen 
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whether the engineering and geological requirements are as compatible 
with its terminating at Dover as at the only two other possible places. 

I have stated that if the tunnel terminates at Dover it must pass 
under the shore-line to the east of Dover. This must be so for the 
following reasons. If we take a gradient of 1 in 80, and assume that the 
level of the rails where the tunnel passes below the shore-line at low- 
water mark cannot be less than 100 feet below the surface of the fore- 
shore, we then require a distance of at least two miles between the point 
where the tunnel passes under the shore and its mouth inland, supposing 
it to terminate at a point not much above high-water level. The higher 
its terminal point is above that level to a greater degree will the required 
distance exceed two miles. From this it will be seen that, if the tunnel 
passes under the shore-line to the west of Dover, that is, between Dover 
and Shakespeare Cliff, it will, if it is to terminate in Dover, have to make 
a useless circuit of two miles inland. But further than this, the sole 
advantage which it can be alleged is to be gained by crossing the sbore- 
line west of Dover is that of remaining in certain lower beds of chalk, 
which have their outcrop near Folkestone, some six or seven miles to the 
west of Dover; now, this advantage, if it be one, can only be secured by 
placing the tunnel mouth on the outcrop of the beds in question, that is, 
in the Folkestone Landslip or on the chalk escarpment to the north of 
Folkestone. That is to say, the sole reason alleged for going west of 
Dover precludes the tunnel terminating near that town. From these 
considerations it will be seen that, if the tunnel terminates in the Valley , 
of the Dour, it should cross the shore-line to the east of Dover, and there 
are other and far more weighty reasons why the tunnel should leave our 
coast to the east of Dover. 

The plans deposited by the Channel Tunnel Company, this session, 
show the sea tunnel to begin at Fan Hole, which lies a short distance to 
the west of the South Foreland Lighthouse. The first line laid down by 
Sir John Hawkshaw, in 1867, left our coast near the same point. It was 
afterwards moved to St. Margaret’s Bay, further to the east, and was so 
shown in the plans on which the French concession was obtained. In 
both cases the tunnel was shown to pass in a direct line to the Ferme 
Mouron in France. 

Now, a line drawn from a point about half a mile east of Fan Hole, 
to a point about half a mile to the west of the French works at 
Sangatte, is the shortest line between the two countries, measured from 
low water to low water, and is about 204 miles long. From Fan Hole to 
the Ferme Mouron, in a direct line (Line B on Plan, Pl. V.), is 21} miles, 
and from the same place to the boring made in 1876, near Sangatte, is 
202 miles (Line No. 1 on Plan, Pl. V.). Practically this last is as short 
a line as can well be obtained. For to move the point of departure east- 
wards in England would be to lengthen the land tunnel in order slightly 
to shorten the sea tunnel, and geological conditions prevent our moving 
the line further to the west in France. 

As we move the point of departure on the English coast to the west, 
we increase the length of the most direct line to the French coast, and as 
we move it to the west of Dover this length is rapidly increased, for the 
tunnel cannot be made in a straight line from any point in England, west 
of Dover, but must be made in a curve, deviating considerably from the | 
most direct line. Thus from Fan Hole, or thereabouts, the shortest line 
for the sea tunnel is obtainable; again, as Fan Hole is distant a little 
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over two miles from Dover, it is, at the minimum distance, required, to 
pass with a gradient of 1 in 80 from the mouth of the tunnel to the re- 
quired depth below the shore-line, and thus we get the shortest possible 
land tunnel. I think that, so far, it has been shown that everything is in 
favour of the tunnel terminating in the Valley of the Dour, and passing 
beneath the shore-line near Fan Hole. It remains to be seen how far 
these advantages are outweighed by any geological conditions afforded by 
the Folkestone route. 

The only reason which has been given for taking the tunnel under the 
shore-line to the west of Dover is, that by so doing it can be made wholly 
in the lowest beds of chalk. It is asserted that no water, or very little, 
will be found in these lower beds. Now what are the facts. We are told 
that little water is found in the heading from Shakespeare Cliff; that may 
be so, as far as it has gone. In the headings driven at Sangatte, in the 
corresponding beds in France, water is met with flowing from fissures at 
the sides and bottom, and not confined to one place, but throughout the 
headings. The quantity which I saw was not large—the largest spring, 
perhaps, 30 gallons per minute—but it is enough to prove that those 
beds are not impermeable; and no one can assert that where small water- 
bearing fissures exist, larger ones may not be met with. In the region 
where a tunnel is possible, the only other evidence we have as to the 
water-bearing qualities of these beds below sea-level, is that obtained from 
small borings, few in number, and not of much value as compared with 
the evidence derived from headings and shafts through the beds. Above 
the level of the sea we can study the beds at many points. I do not 
attach much value to deductions as to the probable condition of the beds 
below the sea-level, made from their observed conditions above the sea- 
level, for the constant movement of the land waters, from the highest 
levels to the points where they are discharged into the sea, must produce 
well-defined drainage-channels underground, which need not necessarily 
exist at greater depths where there is no such rapid circulation. Still, as 
much has been made, especially by the French engineers, of evidence 
derived from observations on the zones from which water is discharged 
on land, I will give a few facts relating to them. In France water may 
be seen to flow in many places from the lower beds of chalk, where they 
appear in the cliffs, between Escalles and St. Pot. I saw water flowing at 
the very junction of the lowest beds and the green sand. There are some 
large springs near Hscalles, which, on the section accompanying the 
French Report (1877), are shown at about 60 feet above the upper 
green sand. ‘The section shows Lydden Spout on the same horizon, but 

‘that copious and well-known spring, on the coast between Folkestone and 
Dover, issues, according to Mr. F. G. H. Price, who carefully measured the 
cliff section near it, at the top of the so-called ‘cast bed,’ about 32 feet 
above the upper green sand, or 46 feet above the gault. Therefore, if 
this evidence is worth anything, it shows that, on the French side, water 
might be met with largely, 60 feet above the green sand; or, allowing 36 
feet for the depth occupied by the tunnel and its masonry, 24 feet only 
above the tunnel, supposing it to be driven continuously along the top of 
the green sand. On the English side, as the water is found only 32 feet 
above the green sand, the top of the tunnel would be in this water-bearing 
zone, on the same assumption. It is needless to say that no railway 
tunnel could be driven along the top of one bed, following all its flexures. 
Thus, if the evidence from the permeability of the strata on land proves 
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anything, it is that a tunnel driven in the lowest beds of chalk must come 
very near a bed from which large springs are discharged on land, and that 
it will probably have to pass into this bed. I may here remark that it is 
a fallacy to suppose that if a heading were driven across the Channel in 
one bed, without meeting with water, it would prove that a tunnel could 
be driven on the same line equally free from water. The vertical depth 
of a heading is only 7 feet, that of the excavation for a tunnel would be 
at least four times that depth. In the Severn Tunnel works, headings 
have been driven in perfectly dry strata, yet, when the same have been 
enlarged for the full-sized tunnel, large quantities of water have been met 
with in the adjoining strata. 

It has not only been asserted that very little or no water will be met 
with in the lowest beds of chalk, but also that so much will be met with 
in the higher beds as to make it impracticable to tunnel through them. 
Large numbers of wells have been sunk all over the country, and other 
excavations have been made at all depths and in all parts of the chalk 
formation for the purpose of obtaining water, and our knowledge of the 
mode in which water occurs in that formation is fairly complete. Much 
has been written on the subject. Professor Prestwich treats of it in his 
work on the water-bearing strata of London,! and gives references to 
earlier writers, but much information has been gained on the subject since 
the date of Professor Prestwich’s work. In the ‘Proceedings of the 
Institution of Civil Engineers,’ from the year 1839 down to the present 
time, numerous papers on the water-bearing qualities of the chalk may be 
found, and in the discussions which followed them the most eminent 
geologists of the day, Dr. Mantell, Dr. Buckland, Professor Ansted, and 
others, took part. 

The following are, I believe, well-established facts on the subject in 
question. 

Solid chalk absorbs a large amount of water, but it parts with it with 
extreme slowness, so that it cannot he said to be truly permeable. It is 
only from the fissures which traverse the chalk formation, and from the 
cavities found along its planes of stratification, that water can be obtained. 
At a variable depth below the surface of the land the body of the chalk is 
saturated, and such fissures and cavities as may occur there are full of 
water, not stationary, but slowly flowing from the higher ground inland, 
towards the river valleys and sea-shore, where the water can find an 
outlet. Thus, there is a circulation of water underground, just as there is 
above ground on other less porous formations. Moreover, as the streams 
and watercourses on the surface are independent of one another, so are the 
underground channels in the chalk. If, in excavating chalk, a fissure is 
cut across, a certain supply of water may be obtained ; if a second fissure 
is cut through, a further supply may be obtained; and generally it will 
be found that if the water is pumped from one fissure, it does not imme- 
diately diminish the flow from adjoining fissures ; and, in like manner, if 
the flow of water from one fissure is checked, it does not necessarily 
increase the flow from those adjoining. In course of time, lowering the 
water-level at any fissure will affect the supply to adjoining fissures, inas- 
much as all draw their supply from the same saturated mass of chalk ; 
but as a consequence of the extreme slowness with which chalk gives up 


1A Geological Enquiry respecting the Water-bearing Strata round London, by 
Joseph Prestwich, Junior; F.G.S., London, 1851. : 
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its water, unless there is direct communication between two fissures, 
operations at one do not generally affect the others. Now this property 
of the chalk is of the greatest importance in carrying out engineering 
works which require excavations to be made through the water-bearing 
levels in it, for it enables the engineer to deal with the water in detail. 
Fissure after fissure may be cut through as long as the water flowing from 
them leaves a sufficient margin of unused pumping power; as soon as the 
yield of water becomes so great as to diminish that margin unduly, some 
of the fissures may be blocked up with temporary or permanent work. 
Thus it will be seen that, in tunnelling through chalk, a very large 
volume of water might be deait with if it entered the work by separate 
channels. A very large body of water entering at one point might give 
trouble, and I shall accordingly select some facts from the very large 
number available, to show that from no one area of chalk, even of con- 
siderable extent, much less from one fissure, has a supply of water been 
derived larger than could easily be dealt with, or which at all approaches 
the volumes which have been dealt with on works completed or now in 
progress. At Goldstone Bottom, one of the pumping stations of the 
Brighton Waterworks, a greater quantity of water is obtained than at 
any other locality known to me. Mr. Edward Easton, the best authority 
on this subject, has kindly furnished me with some particulars respecting 
these works. There are engines at Goldstone Bottom capable of raising 
300,000 gallons an hour, or 5,000 gallons a minute, but it has been neces- 
sary to make a length of 1,800 feet of tunnels to obtain the required sup- 
ply. These are at right angles to the fissures, which here, as is so often 
the case, are at right angles to the shore-line. At Lewes Road, another 
of the Brighton pumping stations, there are engines capable of lifting 
280,000 galions an hour, or 4,666 gallons a minute, to supply which 
2,400 feet of tunnels have been made. Mr. Easton tells me, and this is 
the important point, that the water in those tunnels is under complete 
control, so that any one of them can be laid dry at any time of the 
ear. 
4 The work which has tested to the fullest our power to tunnel through 
the wettest parts of the chalk is the Brighton intercepting sewer, for 
which Sir John Hawkshaw was engineer. The main sewer is more than 
7 miles long. The outfall is placed on the coast, about 4 miles to the 
east of Brighton ; and, throughout a distance of about 44 miles, a tunnel, 
from 9 to 10 feet in diameter, was excavated in the upper chalk, along the 
base of the cliff, and close to the shore. Being below high-water level, it 
cut through all the fissures which discharge the drainage of a large tract 
of inland chalk country. Large fissures were cut through, which I had 
frequent opportunities of inspecting, and, moreover, of seeing the perma- 
nent work successfully carried across them. The greatest quantity of 
water pumped at one time was 10,000 gallons a minute, or 600,000 an 
hour; many other examples might be given, but none so striking as the 
above. It may be urged that, by going below the levels reached by the: 
above works, more water would have been obtained, but that by no means 
follows. The Brighton Sewer Works must have intercepted most of the 
land drainage; by going deeper, some water, stored in cavities below sea- 
level, might have been pumped. But the supply depends not on the 
quantity stored, but upon the rate at which the fissures can deliver it. 
Fissures there are, or, there have been, at all depths; but, as the circula- 
tion is not so rapid in the deeper ones, they are more liable to be choked 
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by sedimentary and crystalline deposits. Deep mines are often very 
dry ones. 

As an example of water-supply obtained from deep down in the chalk, 
we may take the supply drawn from the London basin. Below London 
we have a great thickness of both the upper and the lower chalk, amounting 
together to more than 600 feet in places. As this chalk, so far as we 
know, rests in a basin of gault clay, and rises in continuous beds to form 
the high ground to the north and south of the London basin, it is in the 
best position to be saturated with water, and such was its condition before 
it was made use of as a source of water-supply for London and its neigh- 
bourhood. As the supply from the shallow wells made in the tertiary 
beds became exhausted, deeper wells were sunk into the chalk beneath, 
and water was obtained in plenty. But the supply soon ceased to be equal 
to the demand; the level of the water in the chalk was depressed, so that 
wells had to be deepened, and new adits made to cut new fissures. In 
1838 the quantity pumped! in London was estimated at 6,000,000 gallons 
a day ; in 1850 the quantity had increased to not more than 12,000,000 
gallons a day. In the meantime the level of the water in the chalk had 
been depressed in some places 50 feet. Thus the larger quantity could 
only be obtained at a greater depth, and by increasing the fall in the 
fissures delivering the water to the pumps. Now this chalk, from which 
only a limited supply could be obtained at a given depth over a large area, 
was connected on all sides with an unexhausted reservoir, at a much 
higher level, formed by the saturated masses of chalk round the London 
basin, and yet the water-level in it was reduced by a comparatively small 
amount of pumping.” 5; 

Before leaving the subject of the quantity of water found in carrying 
out particular works, I will refer to two tunnels now in progress, although 
they are not being made in the chalk formation. 

The Mersey Tunnel, which is being made under the direction of Mr. 
Brunlees, one of the engineers of the Channel Tunnel Company, will 
connect Liverpool and Birkenhead by means of a railway. It is 2+ miles 
long, of which nearly three-quarters of a mile is beneath the Mersey. 
Shafts have been sunk, and a heading has been driven for a quarter of a 
mile, and the main tunnel for 600 yards, through the pebble beds of the 
New Red Sandstone. Mr. Brunlees tells me that the greatest quantity of 
water pumped amounted to 6,000 gallons a minute. This quantity is 
being gradually reduced by lining and tubbing. 

The Severn Tunnel is in a more advanced state; and as it illustrates 
many of the points to which I have referred, and as I have been continually 
on the works during the last three years, I shall refer to it at greater 
length. The Severn Tunnel will be the longest railway tunnel in England, 
in all 44 miles in length; and it is the only railway tunnel which can claim 
to be submarine. It passes, for 25 miles, below a tideway where there is 


1 Minutes of Proceedings of Institution of Civil Engineers, vol. ix. p. 161 (Homer- 
sham). 

a Npiiiels of Proceedings of Institution of Civil Engineers, vol. ix. p. 165 
(Braithwaite), p. 155 (Clutterback), and p. 168 Braithwaite, states Messrs. Combe 
bored 300 feet into chalk, and only obtained 25 gallons a minute; Meux & Co. bored 
160 feet, obtaining only 10 gallons a minute; Messrs, Reid & Co. laid open an area 
of 1,600 feet of chalk, and only obtained 200 gallons a minute ; p. 172 Homersham 
admits depression of water-level under London; p. 175 Taberner admits depression — 
of water-level under London; p. 176 Horne says, water at St. Luke’s depressed 21 
feet between 1841 and 1850. : 
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a rise of tide of 40 feet, and a depth of water at high water of 90 feet in 
the deepest part of the channel. It passes, for a considerable portion of 
its length, through the Triassic red marl, which has many points of 
resemblance to the chalk. The marl, which is in nearly horizontal beds, 
is much fissured, and from these fissures, as well as from spaces between 
the planes of bedding, much water is discharged. At the English end of 
the submarine part of the tunnel, for some distance, there is only from 
35 to 40 feet of this open-jointed red marl above the brickwork of the 
tunnel, which is already finished where the cover is thinnest. Salt water 
flows freely into the work; and, to show how the water-channels are dis- 
connected, salt and fresh water have, in some cases, flowed from adjoining 
fissures, and the fresh water has been allowed to flow, for drinking pur- 
poses, through pipes built into the brickwork. The largest quantity of 
water has been met with on the land portion of the tunnel ; and the largest 
spring met with was in the land tunnel. It discharged 5,000 gallons a 
minute, and burst suddenly into a heading, which had been driven for 
over 1,000 feet, in milistone grit, without meeting with any water. If the 
heading had been driven at a level of 10 feet lower, the spring would have 
been avoided in the heading, but would have been met with when it was 
enlarged to the full size of the tunnel. The total quantity of water now 
being pumped is between 7,000 and 8,000 gallons a minute. 

The examples I have given show that engineering works need not be 
stopped, even by large quantities of water; and, much as we know of the 
chalk and its water-bearing qualities, there is nothing to show that water 
would be met with in such large quantities as to stop tunnelling, even in 
the upper chalk with flints. 

A tunnel can be made from Fan Hole, in a direct line to the French 
coast, wholly in the upper part of the lower chalk without flints, as will 
be seen from the section of Line No. 1 of the Plan, Pl. V.; but, as has 
been already stated, a tunnel could be made from the same place, if it 
were advisable, for nearly three-quarters of the whole distance, in the 
lowest beds of grey chalk. To do this, it would be necessary to curve 
the lire of tunnel southwards, after leaving the shore, and then east- 
wards, as shown on the plan in Line No. 2, Pl. V. This would make the 
sea tunnel nearly 14 miles longer on Line No. 2 than on Line No.1, Pl V. | 
That is, the certain immediate cost of making 14 miles of tunnel with 
the prospective disadvantage of 15 miles more sea tunnel, to work, main- 
tain, and ventilate, would be incurred, to save the cost of possible excess 
of pumping on the one route over the other. 

Whatever may be urged as the advantage of attempting to follow these 
lower beds, there are some very obvious disadvantages and positive dangers 
in attempting to do so. 

In the beginning of these discussions respecting the tunnel line, certain 
questions were given as necessary for consideration. Of these, the third 
was :—On what line will an error in our geological calculations be of least 
moment to our tunnelling operations? The map and sections, to which I 
have referred, are all based on the result of the French Company’s work. 
The marine and geological survey was made with care and precautions 
such as were probably never before taken, and is an admirable piece of 
work. As long as it deals with the surface of the sea-bottom, the reports 
and accompanying plans and sections probably tell us a true story, on 
which we may rely. But when we pass from the surface of the sea-bed to 
the strata beneath, we go from facts to conjectures. A longitudinal section 
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(Section E, F, Pl. VII.), down the centre of the Channel, shows the chalk 
from where it begins, at the outcrop of the gault, dipping at first rapidly 
beneath the sea, the dip gradually diminishing as we go eastwards. Now 
the part of this section in which error is most likely to be found is in the 
curve which denotes the base of the chalk near the outcrop. For the 
curve showing the base of the chalk depends not only on the position of 
the line on the map which shows the junction of the chalk and gault, 
which is, probably, in the main, correctly plotted, but also on the line 
which shows the junction of the two lowest beds of chalk of the French 
geologists (Craie de Rouen and Craie Moyenne). It would be very rash 
to take this last line as other than approximate ; yet all it could tell us, if 
it were correctly plotted, would be the dip of the base of the chalk close 
to the sea-bed, and, even to get that, we should have to assume the thick- 
ness of the Craie de Rouen from its ascertained thickness on the two coasts. 
Of the dip a short distance below the sea-bed we really know nothing, and 
the curve indicating it must be imaginary. If the tunnel is to follow the 
lower beds of chalk it will have to be near this curve line; and any varia- 
tions in the curve will necessitate deviations in the line of the tunnel, so 
that its length might be largely increased. This continual deviation of 
line would add much to the difficulties of construction. Again, the lower 
the beds in which the tunnel is placed, and the nearer to the outcrop of 
those beds, the greater will be the risk of water finding its way along the 
planes of bedding from the outcrop. 

As we pass from the outcrop of the base of the chalk and the gault, in 
an easterly direction along the Channel, the chalk increases in thickness. 
On Line No. 1, the chalk is 480 feet thick, while on Lines Nos. 2 and 3 it 
is about half that thickness ; and, with the same thickness of chalk over 
the tunnel, there would, on Line No. 1, be 245 feet more chalk below the 
tunnel than on Lines Nos. 2 and 3. An error therefore which would 
necessitate a considerable deviation in the line of tunnel on Lines Nos. 
2 and 3 would not in any way affect No. 1; for it would require an error 
altering the position of the whole mass of chalk, vertically 245 feet, to 
disturb the tunnel line if made in direct line between Fan Hole and 
Sangatte, that is on Line No. 1. (See Plates V. and VI.) 

I have given a third section across the Channel, along the line num- 
bered 3 on the plan, and the position of a tunnel is shown on it in con- 
tinuation of that shown on the section deposited by the South Eastern 
Railway Company. ‘This tunnel does not keep wholly in the lowest beds 
of chalk, so that it does not fulfil the requirements which a tunnel begin- 
ning to the westwards of Dover should. That it may do so, one of two 
things must be done: the line of the tunnel shown on the plan must be 
depressed some 130 feet so that it may follow the lowest beds across the 
depression shown on the section, or we must bend the line No. 3 shown 
on the plan more to the west, so as to follow the lowest beds of chalk, 
where they are found at a higher level nearer to their outcrop. The first 
course would render it impossible to make a drainage heading to the shore 
in the chalk; for the tunnel would be so low, at its lowest point, that it 
would not be practicable to obtain a fall in the chalk to the shore. This 
drainage heading has been already stated to bea necessity. The alternative 
remains, but it would make the submarine tunnel at least one mile longer 
than Line No. 8, which is already three miles longer than Line No. 1 
from Sangatte. That is to say, to avoid passing out of the lowest 
beds of chalk, the total length of tunnel would be increased by nearly 
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four miles, besides incurring the other disadvantages of the Folke- 
stone route. Four miles of sea tunnel would not cost far short of a 
million, an amount which would pay for 4,000 horse-power at work, 
night and day, pumping for nearly seven years—a power which would 
raise more than 40,000,000 gallons each 24 hours. 

In deciding on the best line for the Channel Tunnel, the quantity 
of water which may be met with is but one of many factors to be taken 
into account. The Folkestone route would sacrifice all those of known 
value for the one of which the value is least certain. 

No tunnel will ever be driven under the Channel without meeting with 
some water, and an attempt to make one without ample preparations for 
dealing with a large quantity of water will only lead to waste of money, 
and, perhaps, failure. 

The following is a summary of the advantages to be obtained by 
making the tunnel in a direct line from Fan Hole to Sangatte :— 

The shortest sea tunnel. 

As short a land tunnel as by any line. 

A greater thickness of chalk through which to tunnel. 

The best termination for effecting junctions with the existing English 
railways. 

A termination affording facilities for defence at a less cost than else- 
where. 

No certain advantage can be claimed for the Folkestone route, and, as 
compared with the route to the east of Dover, it has the following dis- 
advantages :— 

The sea tunnel must be, at least, three miles longer. 

The land tunnel must be four miles longer, unless the mouth is placed 
in the Folkestone landslip. 

The chalk on the line of tunnel will be only half the thickness—in 
round numbers 250 feet against 500 feet. 

It will emerge near no fortifications, nor can it be connected with the 
London, Chatham, and Dover Railway Company’s line at Dover. 

Further, this tunnel must be made, for a great part of its length, near 
the outcrop of the beds through which it is driven. 


Ventiiation. 


One of the requirements to be fulfilled by the tunnel, which was men- 
tioned early in the discussion, was that it should be so designed as to be 
capable of being worked by ordinary locomotives. 

A machine may be invented which will be capable of carrying on the 
traffic, economically and expeditiously, through a tunnel such as the 


Channel Tunnel; but no machine is known, or has been tried up to the 
present time, that is capable of doing the work so economically or so 


ot > 


oes 


conyeniently as the ordinary locomotive. Until such has been tried and 
proved equal to the work, it would not be prudent to spend some millions 
of money in making a tunnel which could not be worked by the ordinary 
means. It may be taken as an accepted fact that a Channel Tunnel 
worked by an ordinary locomotive would require artificial ventilation. 
The matter was discussed, at some length, at a meeting of the Institution 
of Civil Engineers, in 1876, when Mr. Morrison read a paper on the 
ee Most extravagant estimates were then made of the number of 
82. EE 
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horse-power required to ventilate the tunnel. The paper itself, and an 
account of the discussion which followed, will be found in the Minutes of 
the Proceedings of the Institution of Civil Engineers.! 

If the attempt be made in a tunnel, 20 miles long, to create, artifici- 
ally, a sufficient velocity in the air to maintain it in a state of even 
comparative purity, the difficulties will be found to be very great; but, 
if it be divided into sections, each 5 miles long, and these sections be 
treated separately, the difficulties in a great measure disappear. 

The distance between the ventilating shafts of Line No. 1 would be 
about 21 miles; but, to simplify the calculations, assume a tunnel 20 
miles long, with descending gradients of 1 in 80 to points distant 5 miles 
from each shore, and rising gradients from thence of 1 in 1,000 for the 
5 miles to the centre. (See Plate VII.) The drainage headings, each 
with a falling gradient of 1 in 1,000 to the pumping shafts on the shore, 
will begin at the lowest points of the tunnel, midway between the centre 
and the shores where the two gradients meet. 

If the main tunnel be circular, with an internal diameter of 30 feet 
and an area of 470 square feet above rail level, air-passages may be formed. 
below the rails, having an aggregate area of 106 square feet. The drain- 
age heading may also be circular, with an internal diameter of 17 feet, 
and a sectional area of 227 square feet. This will not be much in excess 
of what is required during the construction of the tunnel, for the greater 
part of the material excavated and materials for construction will be 
taken out and in through the drainage heading. 

If air be now drawn out of the drainage heading with a velocity of 10 
miles an hour, it will produce a velocity in the tunnel of 2°25 miles an 
hour, supposing the air exhausted from the tunnel to be replaced at the 
shore ends from the shafts and at the centre from the air-passages below 
the rails. If48 trains pass through the tunnel in 24 hours, at intervals 
of half an hour, the air will remain pure at the shore ends and in the 
centre. Between those points, the quantity of carbonic acid, in excess of 
that normally contained in air (34 parts per 10,000 of air), will gradually 
increase, until it reaches a maximum at the points midway between the 
centre of the tunnel and each shore, where it will amount to 12°68 parts 
per 10,000 in excess, or 16°18 parts altogether. The average condition 
throughout the tunnel will be 6°34 parts in excess, or 9°84 parts in all. 
Dr. Angus Smith, in his work on air and rain, states that in his own 
study he found 10:4 parts of carbonic acid per 10,000 parts of air. In 
theatres, it has been found to vary from 20 to 32 parts; in the Chancery 
Conrt, between 19 and 20 parts; and the air in a first-class carriage, 
between Gower Street and King’s Cross, with the windows open, con- 
tained 22°5 parts per 10,000 of air. Thus it will be seen that, if such a 
state of things as is described above could be maintained in the tunnel, 
there could be no cause of complaint. To do this in a tunnel 20 miles 
long would require about 460 effective H.P., or 230 effective H.P. 
in each country. In a tunnel in a direct line between Fan Hole and 
Sangatte about 500 effective H.P. would suffice. The cost of keeping 


1 Vol. XLIV. 

? In these calculations the quantity of carbonic acid produced per train mile has 
been arrived at on the assumption that each pound of carbon consumed produces 313 
cubic feet of carbonic acid, and that the average consumption of carbon would be 
25 Ibs. per train mile. 
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this amount of H.P. at work would be a mere fraction of the working 
expenses of the tunnel, which, for many reasons, should not be as heavy 
as those of other lines. 


COMPARATIVE TABLE 


SHOWING THE PRINCIPAL DIVISIONS OF THE CHALK ACCORDING TO 
ENGLISH AND FRENCH GEOLOGISTS. 


Chalk without Flints. Chalk with Flints. 
. 
SS 
Craie de Rouen. Craie Moyenne. Craie Supérieure. 
SCALE FOR COMPARATIVE TABLE. 
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The Forth Bridge. By B. Baker. 


[A communication ordered by the General Committee to be printed in extenso 
among the Reports. ] 


[PLATE VIII.] 


Aft the request of Dr. Siemens the following short paper on the proposed 
Forth Bridge has been prepared, though the author himself would have 
preferred to postpone any communication on the subject to the British 
Association until the works were well in hand, and the many points of 
interest and difficulties inseparable from so gigantic an undertaking had 
manifested themselves. At the present moment a commencement has 
not been made, the whole period, from the revival of the project last year 
until now, having been occupied in the necessary preliminary work of ob- 
taining the Act of Parliament and preparing the designs and specifications. 
It is believed, however, that in afew weeks the contract will be let, and an 
energetic start will at once be made with the works. 
EE2 
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Before referring in detail to the history of the undertaking and to the 
character of the design, the author would like to convey, if possible, 
some notion of the magnitude of the proposed bridge across the Firth of 
Forth. In preparing the detailed designs he has often experienced no 
little difficulty in realising the scale upon which he was working. For 
example, the bed-plates for an ordinary railway girder bridge, say a couple 
of hundred feet span, would be about half the size of an ordinary dining- 
table, and it is difficult at first to picture to oneself a bed-plate about 
double the size of an ordinary dining-room; but that is the size of the 
bed-plates for the Forth Bridge girders. A diagram hanging on the 
wall showed the comparative sizes of some of the largest girder and 
arched bridges in the world ; but even this failed, in the author’s opinion, 
to impress upon the mind the vast difference in scale between the pro- 
posed and all previous bridges. On glancing through the last volume of 
‘Reports of the British Association,’ with a view to obtain a notion 
as to the ordinary length of papers for Section G, he incidentally obtained 
a notion also for illustrating, in popular but perfectly accurate terms, the 
size of the Forth Bridge as compared with the largest bridges in this 
country. In the Report of the Anthropometric Committee it was stated 
that the average stature of a new-born infant is 1934 inches, whilst the 
average height of the Guardsmen sent out to Egypt has been officially 
given at 5 feet 10} inches. These figures have a ratio of 1 to 3°65, and, 
singularly enough, as the largest railway bridge in this country, the Bri- 
tannia Bridge, has a span of 465 feet, and the Forth Bridge a span of 
1,700 feet, the ratio there also is 1 to 3°65. Hence, to enable anyone to 
appreciate the size of the Forth Bridge, we have merely to suggest the 
following simple Rule of Three sum :—As a Grenadier Guardsman is to a 
new-born infant, so is the Forth Bridge to the largest railway bridge yet 
built in this country. Bridges a few feet larger in span than the Bri- 
tannia have been built elsewhere, but they are baby bridges after all. 

Such being the size of the structure, the question naturally occurs, 
why it should be necessary or expedient to build so unprecedented a work 
far north in this little island of Great Britain, when it has been found 
practicable to cover the globe with railways, and to carry roads across 
the greatest Continental rivers, without involving any such difficult 
undertaking. The answer is a somewhat complex one. It is not the 
physical features of the country, but the habits of the population that ren- 
der the construction of a 1,700-feet span expedient. If the British public 
can save a few minutes by going a particular route, by that route will 
they go, although the alternative one might be as eligible, or even more 
so, in every other respect. This fact was forced upon the attention of 
the North British Railway Company nearly twenty years ago, when they 
sought powers to construct a bridge across the Forth, to secure for them- 
selves and their allies the Great Northern, North Eastern, and Midland 
Railways, a fair share of the through traffic between England and the 
north of Scotland, which they alleged had been hitherto practically mono- 
polised by the London and North Western and the Caledonian Railways, 
whose route was a few miles shorter. Parliament, satisfied, no doubt, 
that the contention was a reasonable one, granted the solicited powers 
in the year 1865. The bridge then proposed crossed the Forth at a dif- 
ferent spot to the present bridge, as the engineer had not the courage to 
face a span of 1,700 feet, and nothing less is practicable at Queensferry. 
Owing to the treacherous character of the foundations, however, it became 


INcHGaRvic Pier 


52" Report Brit. Assoc 1882. d Queensrerry Pier 


ENLARGED CROSS SECTIONS 
BOTTOM COMPRESSION MEMBER SECTIONAL PLAN AT RAIL LEVEL. 


UPPER TENSION MEMBER 


Scale. 


200 _ 


TWP AELE W SUN,LITH 4G, KING ST COVENT GAMDGS\ENDONSME, 


Mustrating MB. Bakes Paper on The Forth Bridge. 


Plate VIII. 


Fire Pier 


THE FORTH BRIDGE. 421 


necessary to adopt another site, and by bringing the point of crossing 
five miles further down stream to Queensferry, a considerable saving in 
distance was effected in the route between Edinburgh and Perth. 

The Act for constructing a bridge at Queensferry was obtained in 
1873. At this point the Firth of Forth is divided by the island of 
Inchgarvie into two unequal channels, but the depth of water in each is 
such that asmaller span than 1,700 feet could not be economically adopted 
for either channel. North of Inchgarvie the maximum depth of water 
is 218 feet, and south of the same 197 feet. In the former channel the 
bottom is of hard trap rock, and in the latter partly of rock and partly 
of extremely stiff boulder clay. It is not the treacherous character of 
the bed of the Forth, therefore, but the depth of water which precludes 
the construction of intermediate piers. Pneumatic apparatus is inappli- 
cable to such depths as 200 feet, and no responsible engineer would care 
to found the piers of an important structure upon a bottom which he had 
no means of examining by diving apparatus or otherwise. 

To the late Sir Thomas Bouch is due the credit of the bold proposition 

to cross the Forth in two spans of 1,600 feet, and so to avoid the necessity 
of intermediate piers in unprecedented depths of water, with all the 
conseqnent uncertainties and contingencies. A contract for the construc- 
tion of Sir Thomas Bouch’s great suspension bridge was made with 
Messrs. Arrol, and the preliminary works were in progress when the Tay 
Bridge fell. In consequence of the latter catastrophe the directors of the 
Forth Bridge Company decided not to proceed with the works, and an 
Abandonment Bill was consequently promoted in the Session of 1831. 
The North British, Great Northern, North Eastern, and Midland Railway 
Companies, being interested in securing direct communication with the 
North of Scotland, objected to the abandonment of the enterprise, and 
instructed their respective consulting engineers, Mr. Fowler, Mr. 
Harrison, and Mr, Barlow, to,report anew on the practicability and cost 
of crossing the Forth, either by a bridge or otherwise, at Queensferry or 
elsewhere. A careful re-investigation of the whole question was accord- 
ingly made, with the result that the directors were advised that is was 
perfectly practicable to build a bridge across the Forth which would comply 
with all the requirements of the Board of Trade and public safety, and 
that the best place of crossing was at Queensferry. The Abandonment 
Bill, which had passed the Commons, was then withdrawn, and the 
engineers were instructed to agree upon a design. Modifications of the 
original suspension bridge were first considered, and Mr. Fowler and the 
author then submitted a project for a bridge on the continuous girder 
principle. Mr. Harrison and Mr. Barlow, fully appreciating the advan- 
tages which would pertain to such a bridge as compared with a more or 
less flexible suspension bridge, made independent investigations, and sug- 
gested several modifications. Finally, the design now before you was 
unanimously agreed upon by all as the one to be recommended to the 
directors for adoption. The directors acted upon this recommendation, 
and, accordingly, the necessary plans were deposited, and an Act was 
obtained this year for constructing a continuous girder bridge across the 
Forth at Queensferry, having two spans of 1,700 feet, two of 675 feet, 
fourteen of 168 feet, and six of 50 feet, and giving a clear headway for 
navigation purposes of 150 feet above high-water spring tides. For this 
work Mr. Fowler and the author are acting as engineers. 

It would probably be conceded by everyone that a girder bridge would 
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prove stiffer than a suspension bridge; but it is not so obvious that it 
would also be cheaper. Careful comparative estimates have, however, 
proved this to be so in the case of the Forth Bridge, and the reason is 
not far to seek. Ina long span bridge the weight of the structure itself 
constitutes the chief portion of the load, whilst the pressure of the wind 
is at least as important an element as the rolling load itself, to carry 
which is the sole useful mission of the bridge. In a properly designed 
continuous girder for a long span bridge the mass of metal will be 
concentrated near the piers, where it will act with the smallest leverage 
and produce the least bending moment. In an ordinary suspension bridge, 
with stiffening girder vertically to provide for the rolling load, and 
horizontally to meet wind stresses, the mass of metal will be somewhat 
greater towards the centre of the bridge than at the piers, and conse- 
quently for a given mass the moment will be much less in the continuous 
girder than in the suspension bridge. Thus the Forth Bridge super- 
structure weighs but 2 tons per foot run at the centre of the 1,700 feet 
span, and 134 tons per foot run at the piers; whilst in a suspension 
bridge, as already stated, the weight of superstructure per lineal foot 
would be somewhat greater at the centre than at the piers. This con- 
sideration, coupled with the facts that suspension links are more costly 
than girder work, that a suspension bridge requires a very costly anchor- 
age, and that the contingencies and risks during erection in a stormy 
estuary are very great, explains why, in such a case as the Forth Bridge, 
well-designed continuous girders form a cheaper, as well as a far stiffer, 
structure than a suspension bridge with stiffening girder. 

Continuous girders, as a rule, are made of uniform depth, and it 
has been considered by some engineers a rather strained application of 
the term to so describe the Forth Bridge girders. But clearly it is the 
nature of the internal stresses, and not the external appearance of .the 
girder, which should decide the questions and from this point of view 
the proposed Forth Bridge is in the strictest sense of the words a con- 
tinuous girder bridge. By all authorities a beam is considered to be 
continuous if it is either rigidly or partially fixed as well as supported at 
each end in such a manner that a pair of equal and opposite couples act 
on the vertical planes at its points of support. In the case of the Forth 
Bridge, such continuity is attained by connecting together the ends of 
the two 1,700 feet spans at Inchgarvie, and by projecting the other ends 
a distance of 675 feet beyond the main piers, and weighting them to the 
required extent. The moment of the couples and the position of the 
points of contrary flexure in a continuous girder may be regulated at will, 
either by putting an initial stress on the girder or by severing either the 
top or bottom member at the desired point. In the case under con- 
sideration, the latter method has been adopted, and the question of the 
most advantageous position for the points of contrary flexure was a sub- 
ject of elaborate investigation, as it was known to have a vital influence 
on the economy of the design. Having reference to all the conditions of 
the problem, it proved to be most advantageous to fix the points at a 
distance of 675 feet from the piers, so that in effect the 1,700 feet girder 
may be considered as made up of two cantilevers each 675 feet in length, 
and a central girder 350 feet in span. 

Similarly, on investigation, the most generally advantageous depth 
proved to be about 50 feet at the centre, and 350 feet at the piers ; and, 
this being settled, the next thing to be determined was the most advan- 
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tageous width for the superstructure. Since the fall of the Tay Bridge, 
engineers generally, and the Board of Trade in particular, have vividly 
realised the fact that the severest wrench to which a railway viaduct is 
subject arises not from the vertical stress due to the loading of both lines 
of rails with locomotives throughout, but to the diagonal stress due to 
the combined action of the ordinary rolling load and a violent hurricane. 
In the case of the Forth Bridge this stress would act at an angle of about 
45°, so that, were it not for the dead weight of the structure, the 
required strength would be the same horizontally as vertically, and the 
economical width would be the same as the economical depth. Although 
the dead weight modifies this conclusion, it was obvious that the bridge 
should be a continuous girder of varying depth on plan as well as on 
elevation, and investigation showed the economical width of superstruc- 
ture to be about 32 feet at the centre, and 132 feet at the piers. 

It was open to consideration whether the wind stresses should be 
resisted by bracing together both the top and bottom members of the 
girder, or the. bottom members alone. The author, however, never had 
any doubt that, as the stresses must sooner or later be brought down to 
the masonry piers, they had better be brought down at once by the 
shortest route along the bottom members only. The top members are 
‘therefore spaced at the distance of from 33 feet to 27 feet apart, centre to 
centre, and are unconnected by wind-bracing. Hach of the main vertical 
and diagonal struts consists of a pair of tubes spread out at the base like 
a bridge pier, and the wind stresses on the bracing between the tubes 
are much reduced thereby. In like manner are the wind stresses on 
the bracing of the bottom member reduced by the spreading out of the 
legs of the cantilevers, and the general stresses on the web members 
by the tapering depth from the piers towards the ends of the canti- 
levers. 

Having thus blocked out the general outline of the girder so that the 
shearing stresses from the diagonal action of the wind and load should 
be largely taken up direct by the,main members, the next point was to 
determine the number of bays, and the angle of the web bracing. It was 
not infrequently assumed that 45° was the most economical angle, but 
this was true only when the admissible stress was the same in compres- 
sion as in tension, which was not the case either with wrought iron or 
steel, or where, as in the instance of wind-bracing, the diagonals were 
subject to alternate compressive and tensile stresses. American bridge 
builders, as a rule, disposed their long slender struts vertically, and their 
diagonal ties at an angle of 45°, and as the question of competition 
entered into the problem, it might safely be assumed that economical 
cousiderations dictated this arrangement. The general slope of the web 
members of the Forth Bridge was something between the angle of 45° 
and the vertical, and, although the author was not prepared to contend 
that the disposition adopted was the most economical attainable, yet he 
was satisfied that it reasonably approached that limit. 

Whatever the angle of the bracing, it was quite clear that, in a girder 
of 1,700 feet span, exceptionally long struts would have to be provided, 
and it was a matter of much importance, therefore, that the struts and 
compression members generally should be of the most economical and 
efficient form. The advantages offered by a circular form of cross-section 
were self-evident. A flexible sheet of drawing paper, simply rolled upon 
itself, became transformed into a stiff column, as everyone accustomed to 
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handle plans and drawings well knew. Similarly, a thin sheet of iron or 
steel, bent into a tubular form, without further stiffening, offered as high 
a resistance per square inch to compression as the most heavily braced 
rectangular strut. The author recently tested a piece of ordinary stove- 
pipe, 4 inches in diameter and 2 feet long, made of sheet iron only about 
a fortieth of an inch in thickness, and found it stood, without buckling, a 
compressive stress of 15-9 tons per square inch, whereas one of the Britannia 
Bridge rectangular cells, 18 inches square and 8 feet long, made of plates 
and angles half an inch thick, crippled under a stress of 13:6 tons, or say 
15 per cent. less stress than that sustained by the piece of stove-pipe. If 
flat plates, as much as half an inch in thickness, behaved so badly in a 
rectangular cell only 18 inches square, it is hardly necessary to speculate 
as to what would be the case in tubes 12 feet square, which would be the 
size required for the Forth girders. With rectangular struts formed of 
four corner-pieces and lattice sides, the required strength of the lattice- 
work has been found by experiment to be considerably greater than theory 
would indicate, and the form, therefore, is a very disadvantageous one as 
compared with a circular cross-section where every particle of metal per- 
forms useful work. In a long span bridge, it is essential to reduce the 
secondary bracing to a minimum, because the weight of metal itself con- 
stitutes the chief load. For that and for many other reasons, including 
the comparatively small resistance offered by a curved surface to the wind, 
the author, after carrying out not a few experiments himself, and passing 
in review the numerous experiments made by others during the past thirty 
years, was satisfied that a circular form of cross-section was the proper 
one in the case of the Forth Bridge. All the main compression members, 
therefore, will be tubes varying in diameter from 5 feet to 12 feet, and only 
the wind bracing, subject to alternate compressive and tensile stresses, 
will consist of rectangular latticed members. 

Between the two main girders, as described above, the double line of 
railway will be carried on an internal viaduct, supported by trestles and 
cross. girders. The permanent way will consist of heavy bridge rails 
on longitudinal sleepers bedded in four steel troughs, the outer pair of 
which serve also as the top members of the girders of the internal viaduct, 
the inner pair being simply rail-bearers. The width of trough is such 
that, in the event of derailment, the wheels will drop into the troughs, 
and run along the timber sleepers clear of obstruction. A buckle plate 
floor and parapet or wind screen will be provided of ample strength to 
ensure the safety of the trains. No guard rails will be introduced, as the 
engineers and the Board of Trade are in accord in considering them a 
source of danger during high winds. 

It is hardly necessary to state that the whole of the superstructure will 
be of steel. For the tension members the steel used is to have an ultimate 
tensile strength of not less than 30 tons nor more than 33 tons per square 
inch, with an elongation of 20 per cent. in a length of 8 inches. For the 
compression members the strength is to be from 34 to 37 tons, and the 
elongation 17 per cent. In making the tubes and other members, all plates 
end bars which can be bent cold are to be so treated, and, where heating 
is essential, no work is to be done upon the material after it has fallen to 
a blue heat. The steady pressure of hydraulic presses is to be substituted 
for hammering wherever practicable, and annealing will be required if the 
steel has been distressed in any way. No punching or shearing will be 
allowed, and all plates will be planed at the edges and butts, and all holes 
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drilled through the whole thickness of plates and angles after being put 
together. 

Previous to the preparation of the designs and estimates, many con- 
sultations were held with the Board of Trade officers with reference to 
the maximum wind-pressure to be provided against, and the admissible 
stress upon the metal. Existing rules limit the stress to 64 tons per 
square inch, and it was desired to get this limit extended to 7} tons. This 
was assented to by the Board, as the 65 tons working stress was based 
upon the assumption of the steel having a minimum ultimate tensile 
strength of 26 tons per square inch, whereas the Forth Bridge steel was to 
have a strength of at least 30 tons. As regards wind-pressure, the present 
Board of Trade provision of 56 lbs. per square foot has been adhered to, 
and that pressure has been assumed to take effect upon a surface equiva- 
lent to double the plane surface of the bridge, a deduction of 50 per cent. 
being made in the instance of the cylindrical surfaces. Under the com- 
bined action of the wind-pressure, estimated as above, and a rolling load 
of two tons per foot run, or 3,400 tons on each span, the maximum stress 
would in no case exceed 7} tons per square inch, whilst upon the members 
of the wind-bracing, subject to alternate compressive and tensile stresses, 
it would not be greater than 5 tons per square inch. In ordinary work- 
ing—that is to say, with heavy coal trains and light winds—the maximum 
stresses would be about 6 tons in tension and 5 tons in compression, 
which were about the same as the Saltash Bridge of 460-feet span would 
be subject to under the same circumstances, and that bridge is of iron. 
Even assuming that such a hurricane as 56 lbs. per square foot could ever 
take effect over so large a surface as that offered by the 1,700-feet girders, 
it was quite clear that no train could be on the bridge at the time, for a 
pressure of 30 to 40 Ibs. would certainly stop the progress of any train. 
Without the rolling load the maximum stresses during the hurricane 
would, however, be only about 44 tons in tension and 6 tons in compres- 
sion. Indeed, if the Forth Bridge were made of iron instead of steel, it 
would be a relatively stronger structure than either the Britannia or Salt- 
ash Bridge, so that the 50 per cent. extra strength due to the adoption of 
the steel may be regarded as an addition to the factor of safety, and not 
as a necessity of the unprecedented length of span. 

Continental and American engineers at the present time almost univer- 
sally take note of the vast difference in the destructive effect of a live 
load and a dead load; but the Board of Trade entirely ignore this fact, 
and adopt the same limiting stress in a main girder, where the greater 
portion of the load may be dead, as in across girder, where it is prac- 
tically all live, and where vibration is set up by every passing wheel. It 
is generally admitted—and the practice and experience of mechanical 
engineers confirm the conclusion—that metal of any class may be sub- 
ject to a working stress twice as great under a dead as under a purely 
live load. Some engineers make a compromise and take the ratio at 
one and a half times. If this be done, and a factor of safety of three 
be adopted in the instance of a purely dead load, the admissible working 
stresses for iron having an ultimate strength of 20 tons per square inch 
would be 62 tons for a dead load, 5} tons for half dead and half live, 
5 tons for quarter dead and three-quarters live (which is about the 
proportion obtaining in railway girders ot 100 feet span), 45 tons for 
all live load, and 22 tons for members subject to alternate tension 
and compression of equal intensity. With steel having a strength of 
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30 tons, the corresponding stresses would be 50 per cent. greater— 
that is to say, they would range from 6% tons for an all live 
load to 10 tons for an all dead load. If the stresses be limited as 
above, the results of experiment and of actual practice show that a struc- 
ture may be subject to an indefinite number of repetitions of the stress 
without injury. But, in the case of hurricanes, the repetitions will 
necessarily be few and far between, and higher stresses are therefore 
admissible in the members of wind-bracing than in the piston-rod of a 
steam engine, though both are subject to alternate tensile and compres- 
sive stresses. When it is remembered that the dead weight between the 
piers of the 1,700-feet span is upwards of 10,000 tons, whilst the live 
load due to a couple of heavy coal trains would be less than one-tenth of 
that amount, the relative lowness of the 74 tons per square inch maximum 
stress in the Forth Bridge girders, under the combined action of an im- 
possible load and an improbable hurricane, will be conceded by all. 

So far as the author is aware—although it has been established 
beyond all dispute that repeated application of a tensile stress amounting 
to two-thirds of the ultimate strength of the material would in time 
cause fracture—it has never been proved that the same conclusion applies 
to metal in compression. In fact, some of the author’s experiments lead 
him to think that a contrary result might obtain. For example, one of 
the consequences of heavy varying stresses and vibrations is that the 
quality of the metal deteriorates, both iron and steel becoming more 
crystalline and less ductile. These conditions are rather favourable than 
otherwise to the resistance of a compression member. Thus the author 
tested some columns, 30 diameters in length, of high-class ductile steel, 
and of inferior crystalline steel, both having, however, the same tensile 
strength. The inferior steel bore 40 per cent. more load than the high- 
class steel, and it appears not improbable that, if the quality of the 
latter had been deteriorated by vibration and heavy stresses the ultimate 
resistance would have been increased as regards compressive stresses 
almost as much as it would be diminished in respect of tensile stresses. 
Similarly, in columns of the same proportion, the commonest class of pig 
iron would beat the finest brands of wrought iron. 

Long struts were avoided at any expense by some engineers, but, the 
author thought, without good reason. The tubular struts in the Forth 
Bridge, if made of iron, would resist as high a compressive stress per 
square inch as the top flange of any existing girder, and the same remark 
would apply to steel. An interesting series of experiments was recently 
made in America with full-sized wrought iron hollow columns, from 
8 inches to 12 inches in diameter, and up to 28 feet in length. The influ- 
ence of the length of the column on its resistance was singularly small. 
For instance, the 8-inch column, when 15 diameters in length, failed with 
a stress of 16:2 tons per square inch ; and when as much as 42 diameters 
in length, with 15°6 tons. Now the model of the Britannia Bridge, 
75 feet in span, failed with 14°8 tons per square inch compression ; 
Brunel’s 66-feet girder, having a 3-feet wide cellular top member, failed 
with 12°6 tons; and some girders tested by the author with 15 tons per 
square inch as an average on the top flange. 

Taking the mean results of a large number of experiments, the influ- 
ence of length between the practical limits of 15 to 25 diameters would 
be just appreciable ; but, if only a few experiments were compared, the 
deduction might be drawn that lengthening a column, or rounding its 


THE FORTH BRIDGE. 427 


ends, increased rather than reduced its strength. Thus one steel tube, 
20 diameters in length, tested by the author, bore 22 tons per square 
inch, whilst a similar tube of half the length bore only 19:2 tons. 
Again, a round-ended column, 20 diameters in length, bore 193 tons per 
square inch, whilst a flat-ended one failed with 18 tons. No doubt 

eater regularity would obtain with full-sized than with model tubes, 
but still the practical fact remained that, within the limits occurring in 
the Forth Bridge, the compressive resistance of the tubular struts would 
be as high as that of the top flange of any plate or box girder that could 
be built, and that whatever stress was admissible in the girder would be 
admissible in the struts. This was a reassuring result to arrive at, be- 
cause the practical experience had been chiefly with girders, and not with 
tubular struts. 

The author’s experiments conclusively prove that steel is far superior 
to iron as a material for struts, though the superiority is not so great as 
when tension members are in question. Thus the Forth Bridge struts 
will be from 30 to 40 per cent. stronger in steel than in iron, whilst the 
tension members will be about 50 per cent. stronger. It does not follow 
that the steel strut would not be 50 per cent. better also as regards actual 
work, which is very different to what takes place in a testing machine. 
A steel or an iron rail, tested for transverse strength in a machine, will, 
as a rule, bend many inches, and fail by distortion of the head under the 
compressive stress. In actual work hundreds of such rails break, but it 
is the tensile and not the compressive stress which causes the failure, and 
there is no distortion of the head as in the testing machine. Similarly, 
when riveted girders break under traffic, it is not the top flanges with 
a calculated stress on the average of about one-third of the ultimate re- 
sistance that give way, but the bottom members, where the calculated 
stress is only about one-fourth of the ultimate resistance. In short, the 
universal experience is that fatigue is far more injurious to iron or steel 
under tensile than under compressive stress, and it follows that the factor 
of safety should not be the same in the two cases. This is quite con- 
sistent with ordinary practice, for probably the majority of girder bridges 
in this country have equal-sized top and bottom flanges, which, after 
allowing for the riveting, would give a factor of about three for the com- 
pression and about four for the tension members respectively. 

The peculiarities of steel are tolerably well understood now, and 
amongst other precautions it is especially desirable to so design the joints 
in tension that no tearing action shall be set up along a line of rivet- 
holes. Accidents of workmanship necessitate the provision of a good 
factor of safety in steel joints in tension; but, after watching the testing 
of many steel tubes under compression, the author cannot conceive any 
accident of workmanship which could bring about the failure of steel 
tubes such as those in the Forth Bridge, even if the working stress was 
raised to two-thirds, instead of about one-fourth, of the ultimate resist- 
ance. In fine, he believes a steel tube to be the most trustworthy mem- 
ber which could be introduced into a great and unprecedented work. 

As regards cost of manufacture, the difference is comparatively 
small between a circular and a rectangular member. The main tubes 
will be made up circumferentially of ten bent plates, lap-jointed and 
double-riveted through the flanges of ten rolled beams, which will run 
longitudinally through the whole length of the tube. Stiffening rings 
will also be introduced at suitable intervals. The junctions of the tubular 
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struts with the tubular bottom members offered some little difficulty at 
first in designing, but this being surmounted, the manufacture of the 
junction lengths becomes, as it were, a piece of ship-builder’s work, except 
that the ship-builder has to deal with far more complex curvatures than 
will be found in the junction lengths. 

Before dismissing the question of steel in compression, the author 
would wish to mention the results of some experiments made by him on 
steel which had been previously subjected to end pressure in a tube, so 
that flexure could not occur. The rods were 1 inch diameter by 30 inches 
long. With the mildest steel, the resistance to flexure was 14:5 tons per 
square inch in the uncompressed rods, and 22 tons, or say 50 per cent. 
more, in the rods which had previously been subjected to an end pressure 
of 36 tons per square inch. With somewhat harder steel, the corre- 
sponding figures were 16 tons in the uncompressed, and from 26 to 29 
tons in the previously compressed bars—a gain of from 60 to 80 per cent. 
The bars, when tested in tension, showed no loss in strength or elonga- 
tion from the previous compression. As 30-ton steel, after the end pres- 
sure had been applied, bore as much load without flexure as 54-ton steel 
which had not been so treated, it is clear that the adoption of mild steel 
in railway bridges would be much accelerated if some simple practical 
method could be devised for bringing about the molecular change effected 
in the above instances by an end pressure. 

It has been stated that the maximum wind-pressure upon the 1,700- 
feet span has been assumed to be equivalent to a pressure of 56 Ibs. per 
square foot upon double the superficial area of the girder. It is to be 
regretted that this assumption necessarily involves many matters of pure 
conjecture. For example, though a wind-pressure of 56 Ibs. has un- 
doubtedly been registered by anemometers exposing a surface of a couple 
of square feet, it has never been proved to prevail instantaneously over 
so great a width as the 1,700-feet span. Again, the relative resistances 
offered by the windward and leeward girders of a bridge have not been 
measured, and still less has any experimental approximation been ob- 
tained to the resistance of an entire bridge with its floor and cross- 
bracing. Probably much may be done by models, and the author intends 
to so ascertain, if possible, the probable resistance of the Forth Bridge 
expressed in square feet of flat surface. Experiments with relation to 
wind-pressure have been commenced at the site of the bridge—a pressure 
board, 20 feet long and 15 feet wide, having been fixed on the top of a 
tower on the island of Inchgarvie, where the central pier of the bridge 
will be placed. The apparatus is adapted to test the relative resistances 
offered by different surfaces, and during the progress of the works it is 
hoped many now open questions may be settled. The experiments will 
probably not affect in any way the design of the bridge, because the lead- 
ing features of the design and the working stresses and wind-pressure 
to be provided for have long since been settled with the Board of Trade. 
Until the experiments are complete, however, it will be impossible to 
state with precision what factor of safety will belong to the work, though 
it is possible to state, without reservation of any kind, that in any event 
the Forth Bridge, as designed, will be relatively stronger than any other 
bridge yet constructed. Owing to the large dead weight and the spread 
of the girders at the piers, a wind-pressure equivalent to 2 cwt. per 
square foot upon the surface of one girder would be required to overturn 
the bridge, assuming it not to be held down by bolts. The holding-down 
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bolts provided, however, about double the resistance to overturning, so 
that 4 cwt. of wind-pressure per square foot upon the single surface would 
be required to upset the bridge; and under this ideal pressure, though 
the wind-bracing would, it is true, be on the point of failing, none of the 
great tubes or tension members of the main girders would even be per- 
manently deformed. 

Changes of temperature as well as gales of wind will affect the stresses 
upon the steel but to a comparatively insignificant extent. In designing 
a certain class of work, nothing embarrasses an engineer more than ques- 
tions arising ont of the expansion and contraction of materials. An expe- 
rienced engineer will know that in certain instances he may entirely 
ignore the influence of temperature, whilst in others it is all-important. 
For example, if a provision were not made in the case of point rods, the 
points would fail to close, and great loss of life might follow the conse- 
quent derailment of a train, whilst, on the other hand, infinite complica- 
tion would result if a similar provision had to be made in a structure like 
the Crystal Palace, or in long station roofs, or in girders carrying build- 
ings. Only experience could decide whether it would be safe to carry 
an ornamental ashlar-faced building on a girder 150 feet in length with- 
out running the risk of inducing cracks in the masonry; but the author, 
havirg tried it, can say that the effects of temperature in such a case 
may be safely ignored. Similarly he had used, without inconvenience, 
girders 630 feet in length in the floor of a building, and purlines of equal 
length in the roof of a station. Hach case must, however, be dealt with 
on its own merits; for in another instance, where a gasworks roof had 
fallen down like a pack of cards, he had traced the cause of the accident 
unmistakably to the expansion of the iron slate-battens, which were ex- 
posed to exceptionally high temperatures at times. An engineer is apt 
to consider he has taken sufficient account of expansion if he adopts the 
conventional course of placing one end of his girders on rollers or sliding 
plates, so that the bridge may be free to expand in the direction of its 
length. The superstructure, it is true, may be twice as wide as it is 
long, but it must take its chance as regards expansion in the direction of 
the width. Arched station-roofs, such as the St. Pancras roof of 240-feet 
span and 700 feet length, seem to require no provision for expansion in 
either direction. Again, the Victoria Bridge at Pimlico has longitu- 
dinal girders 913 feet in length, and cross girders 100 feet in length, 
with no provision for expansion in either direction. On the other hand, 
at the Southwark Bridge, grooves had to be cut in the masonry to 
admit of the free expansion of the cast-iron spandrils, which had 
been fractured by expansion in several instances, though the arch was 
only 240 feet in span, and the spandrils were not continuous across 
the piers. However much the engineer may desire to eliminate stresses 
due to expansion, he will find it impossible to do so, for the very ob. 
vious reason that the temperature is not uniform at any instant, and 
that even in this climate there may be a difference of 50 degrees between 
the temperature in the sun and in the shade. Take the case of an ordi- 
nary lattice girder with trough-shaped top and bottom members and 
double lattices. One side plate of the trough may be highly heated by 
the direct rays of the sun, and the other be completely in the cool shade, 
and one tie bar may similarly differ from its companion bar in tempera- 
ture. If the girder were free to warp in any direction like a thin plank, 
little stress would result; but as it is not free to adapt itself to the un- 
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equal heating, stresses of considerable severity must occur, since 12° 
’ increase of temperature is the equivalent as regards elongation of 1 ton 
per square inch stress. Ona hot sunny day the Britannia tube was found 
to warp 3 inches laterally and 2} inches vertically when free to move; and, 
clearly, if such tendency be restrained, uniformity of stress is unattainable. 
The Forth Bridge tubular struts would similarly tend to curve under the 
action of the sun’s rays, but, being braced together, they will not be free 
to do so, and stress must result. Every structure, in fact, is subject to such 
stresses, which are one of the things covered by the usual factor of safety. 
Stone buildings and arches are no exception to the rule; indeed, the 
author, from instances which have come under his own knowledge, is 
satisfied that the stresses due to changes of temperature are often rela- 
tively far more severe in stone than in iron arches. 

Since by no practical means could stresses from expansion and con- 
traction be wholly eliminated from the Forth Bridge, it became a matter 
for careful consideration what provision for expansion would be requisite 
or expedient, and what could be dispensed with. There could be no doubt, 
of course, that longitudinal expansion in the 1,700-feet span should be 
provided for by placing one end of the 350-feet girder on rollers where 
it was supported by the cantilever. The direct stresses would thus be 
eliminated, but there remained those due to the unequal heating of the 
different members, as in every other bridge. These stresses were not 
included in the estimated maximum tension and compression per square 
inch given in a previous part of this paper, but were assumed, as usual, 
to be covered by the factor of safety. A more difficult question arose with 
reference to the portions of the girders between the piers. Thus the 
Inchgarvie pier consists of four cylindrical masses of masonry, spaced 270 
feet apart longitudinally, and 120 feet apart transversely, centre to centre. 
The point to be decided was whether the great girders should be bolted 
to each mass of masonry, or be fixed at one end only of the above 270 
feet, and be placed on rollers at the other end. This would be done, as a 
matter of course, with an ordinary 270-feet span girder bridge, but the 
conditions here were very different. In the first place, the pressure. was 
enormous, and a bed-plate 35 feet by 18 feet was not a convenient one to 
provide with rollers. The most important point, however, was that sudden 
and unequally distributed gusts of wind caused stresses, which rendered it 
extremely desirable to dispense with rollers if possible. On considering 
the question in detail, it proved to be quite possible to do so. The range 
of temperature in this climate is not really great on well-protected 
surfaces, as the practical uniformity of temperature a few inches below 
the ground testifies. Taking the average of twenty years’ observations at 
Greenwich, the mean shade temperature of the different months ranged 
from 38'94° in January to 62°54° in July. As the average for the whole 
twenty years was 49°69°, the range was thus merely 11° below and 13° 
above the mean temperature. Since 12° corresponds to a ton per square 
inch stress, ironwork bedded at a mean temperature in a mass of masonry 
might well be subject to no greater stress from variation of temperature 
than plus and minus | ton per square inch, which is far less than would 
obtain in a so-styled free-to-expand structure exposed to the rays of the sun. 

Last year was characterised by great extremes of temperature. In 
January the temperature fell to 12°7°, whilst in July it rose to 97°1°, a 
range of no less than 844° in the shade. The lowest mean daily tem- 
perature was 19°4° in January, and the highest 78°6° in July—a range of 
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592°. The maximum daily range was 37°, and monthly range 53°, both 
in July. In the sun the temperature rose as high as 150°, so the extreme 
range for the year would be no less than 137°. The average yearly range 
being less than 24°, a clear explanation is thus afforded of the fact so well 
proved by experience, that provision for expansion is essential in point 
rods, signal wires, and similar exposed and light pieces of ironwork, whilst 
it may safely be ignored in the case of girders enclosed in buildings or 
bedded in jack-arches. 

Having reference to the considerations thus briefly set forth, and to 
the behaviour of existing structures of all classes in this climate, it proved, 
on investigation, to be quite unnecessary, as far as temperature was con- 
cerned, to provide rollers at Inchgarvie pier. The steel tubes between 
the four cylindrical masses of masonry will be covered, like marine 
boilers, with a couple of inches of ‘fossil meal’ or some other suitable 
non-conducting material, and an exterior iron envelope. Inside the tubes 
will be lined with about 2 feet in thickness of cement concrete, to serve 
as an equaliser of temperature, and, these precautions being taken, the 
results of calculation show that the stresses from changes of temperature 
will be of no moment either to the superstructure or to the masonry. 

There still remained the question whether, for other reasons than 
temperature, rollers might not be necessary at Inchgarvie. Since the 
270-feet-long tubes would be erected upon scaffolding, there would be no 
stress upon the metal at first, but as the erection of the cantilevers by 
overhanging proceeded, there would be the gradually increasing thrust 
from the bottom member, and it appeared difficult to say whether this 
thrust would come upon the tubes or upon the piers as abutments, unless 
rollers were introduced. A compressive stress of 5 tons per square inch 
would shorten the tube 1} inches, and as the stout masonry piers would 
tilt very little, this movement could not occur, and the tubes would not 
take up their share of the work unless some sliding were provided for. 
After a careful consideration of all the conditions of the problem, including 
changes of temperature, the author came to the conclusion that a certain 
amount of initial stress on the tubes between the masonry piers was 
desirable; and although it might at first appear to be difficult to do this 
with a tube 12 feet in diameter by 2 inches in thickness, the difficulty 
vanished, as usual, upon being grappled with. He proposed simply to 
make the upper and lower bed-plates, which were intended to slide on 
each other during the erection of the bridge, with serrated surfaces 
sloping at an angle of 1 in 6. As the coefficient of the well-greased and 
planed steel surfaces would not exceed one-twentieth of the load, the 
shortening of the tube under the compressive stress due to the erection 
of the cantilevers would proceed freely, whilst the desired initial stress 
would be put on partly by the weight of the structure and the tightening 
of the holding-down bolts taking effect on the 1 in 6 incline, and partly 
by the test load of the bridge. A movement of 1} inches would be pro- 
vided for temporarily, and the two bed-plates would finally be gripped 
together and made fast to the piers by 40 holding-down bolts of 3 inches 
diameter. When complete, the stresses on the metal would never exceed 
the limit of 74 tons under the joint influence of live load, wind, and tem- 
perature, and the pressure. upon the masonry piers and foundations would 
be well within the working limits. 

It is unnecessary to refer in detail to the mode of erection, as it is obvious 
_ that the work will be commenced at each pier, and be proceeded with by 
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adding successive portions to the ends of the cantilevers until the same 
are complete. The central girders will also probably be erected on the 
overhanging system, temporary connections being formed between the ends 
of the cantilevers and the central girders. The closing lengths or key-pieces 
at the centre of each 1,700-feet span will be put in on a cloudy day, when 
there is little variation in temperature, and the details will be so arranged 
that the key-piece can be completed and the temporary connections cut 
away in a few hours, so as to avoid any temporary inconvenience from 
expansion and contraction. 

No special difficulty will arise with respect to the foundations, though 
the works will be, of course, on an unusually large scale. The island of 
Inchgarvie is of trap rock, and the central pier at that spot will consist 
of four cylindrical masses of concrete and rubble-work faced with granite, 
and having a diameter of 45 feet at the top and 70 feet at the bottom. 
The height above high water will be 18 feet, and the depth below the 
same will vary from 24 feet to 70 feet. After the sloping face of the rock 
foundation has been cut into steps, wrought-iron caissons will be floated 
out, lowered into place, and filled with concrete lowered through the water 
in hopper-bottomed skips. Queensferry Pier will be founded on boulder 
clay. Open-topped cylindrical caissons, 70 feet diameter, with an external 
and internal skin 7 ft. 6 in. apart, will be floated out and lowered into 
place. The space between the skins will be filled with concrete, to give 
strength and weight to overcome frictional resistance in sinking. Grab 
excavators will be carried on a turntable top to the caissons to remove the 
earth from the interior, and pneumatic apparatus will be supplied to 
enable men to clear boulders from the cutting edge of the caissons. From 
a depth cf 6 feet below low water upwards, the masonry will be built in 
the dry, inside a movable caisson connected by an indiarubber joint with 
the permanent caisson below it. The piers will be carried down at least 
10 feet into the boulder clay, which will give depths ranging from 68 feet 
to 88 feet below high water and 18 feet less at low water in the respective 
cylinders. In round numbers the weight of one of the cylindrical piers 
at Queensferry may be taken at 16,000 tons, and the combined vertical 
pressure on the top of the pier from the dead weight of superstructure, 
rolling load, and wind pressure at 8,000 tons; so the load on the clay 
would average about 6 tons per square foot over the area of the founda- 
tion. This is an insignificant amount on such hard clay as that at the 
Forth, and the margin is ample, therefore, to allow of the unequal distri- 
bution of the pressure due to the action of partial blasts of wind and of a 
certain amount of expansion in the tubes connecting the piers. 

The total length of the great continuous girder is 5,330 feet, or say a 
mile, and of the viaduct approaches 2,754 feet, or rather over half a mile. 
There is nothing calling for special remark in the viaduct. The piers 
will be of rubble masonry, faced with granite, and the superstructure of 
iron lattice girders with buckled plate floor and trough rail bearers, as in 
the instance of the main spans. The main girders, spaced 16 feet apart, 
will be placed under the railway, and there will be a strong parapet and 
wind screen to protect the trains. 

To engineers little need be said respecting the stiffness of a girder 
bridge having the proportions adopted in the present case. The central 
girder has a depth of one-seventh of the span, whilst the cantilevers may 
be looked upon as halves of a girder having a depth of one-fourth of the 
span. Exceptional depths like these confer exceptional stiffness, and there 


THE FORTH BRIDGE. 433 


is the additional fact that the live load of a passing train will be quite 
insignificant as compared with the dead load of the structure. The 
heaviest train traversing the bridge will not deflect the 1,700-feet girder 
more than 4 inches, which is considerably less than the deflection of the 
460-feet span of Saltash Bridge under its test load, whilst a wind pressure, 
equivalent to 30 lbs. per square foot over the entire 1,700 feet, would bend 
the bridge laterally less than 9 inches. 

About 42,000 tons of steel will be used in the superstructure of the 
main spans, and 3,000 tons of wrought iron in that of the viaduct ap- 

roach. The total quantity of masonry in the piers and foundations will 
be about 125,000 cubic yards, and the estimated cost of the entire work, 
upon the basis of the prices at which the original suspension bridge was 
contracted for is about 1,500,0007. Owing to the varying price of steel, 
and to the magnitude and novelty of the undertaking, this estimate must 
be taken as approximate only, as a contract has not yet been concluded 
for the works. 

It will be gathered from the preceding necessarily brief and incomplete 
description of the proposed Forth Bridge that no novel or untried elements 
enter into the design. In principle, a continuous girder is as old a type 
of construction as an arch or a suspension bridge; and probably, in pre- 
historic times, streams were crossed by the aid of a couple of overhanging 
branches and an intermediate central portion, constituting a structure 
rude in appearance but identical in principle with the girder bridge. 
The merit of the design, if any, will be found, not in the novelty of the 
principles underlying it, but in the resolute application of well-tested 
mechanical laws and experimental results to the somewhat difficult pro- 
blem offered by the construction of so large a bridge across so exposed an 
estuary as the Firth of Forth. 
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TRANSACTIONS OF THE SECTIONS. 


Suction A—MATHEMATICAL AND PHYSICAL SCIENCE. 


PRESIDENT OF THE SECTION— 
The Right Hon. Professor LorpD RAYLEIGH, M.A., F.R.S., F.R.AS., F.R.G.S. 


THURSDAY, AUGUST 24. 


The PresIDENT delivered the following Address :— 


In common with some of my predecessors in this chair, I recognise that probably 
the most useful form which a presidential address could take, would be a summary 
of the progress of physics, or of some important branch of physics, during recent years. 
But the difficulties of such a task are considerable, and I do not feel myself equal 
to grappling with them. The few remarks which I have to offer are of a general, 
I fear it may be thought of a commonplace, character. All I can hope is that they 
may have the effect of leading us into a frame of mind suitable for the work that 
lies before us. 

The diversity of the subjects which come under our notice in thi« section, as 
well as of the methods by which alone they can be adequately dealt with, although 
a sion of the importance of our work, is a source of consideraple difficulty in the 
conduct of it. From the almost inevitable specialisation of modern science, it has 
come about that much that is familiar to one member of cur Section is unintelligible 
to another, and that details whose importance is obvious to the one fail altogether 
to rouse any interest in the mind of the other. I must appeal to the authors of 
papers to bear this difficulty in mind, and to confine within moderate limits their 
discussion of points of less general interest. 

Even within the limits of those departments whose foundation is evidently 
experimental, there is room, and indeed necessity, for great variety of treat- 
ment. One class of investigators relies mainly upon reiterated appeals to experi- 
ment to resolve the questions which appear still to be open; while another prefers, 
with Thomas Young, to base its decisions as far as possible upon deductions from 
experiments already made by others. It is scarcely necessary to say that in the 
present state of science both methods are indispensable. Even where we may fairly 
suppose that the fundamental principles are well-established, careful and often 
troublesome work is necessary to determine with accuracy the constants which 
enter into the expression of natural laws. In many cases the accuracy desirable, 
even from a practical point of view, is hard to attain. In many others, where the 
interest is mainly theoretical, we cannot afford to neglect the confirmations which 
our views may derive from the comparison of measurements made in different fields 
and in face of different experimental difficulties. Examples of the inter-depen- 
dence of measurements apparently distinct will occur to every physicist. I may 
mention the absolute determinations of electrical resistance, and of the amounts of 
heat developed from electrical and mechanical work, any two of which involve also 
the third, and the relation of the velocity of sound to the mechanical and thermal 
properties of air. 

‘Where a measurement is isolated, and not likely to lead to the solution of any 
open question, it is doubtless possible to spend upon it time and attention that 
might with advantage be otherwise bestowed. In such a case we may properly be 
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satisfied for a time with work of a less severe and accurate character, knowing that 
with the progress of knowledge the way is sure to be smoothed both by a better 
appreciation of the difficulties involved, and by the invention of improved experi- 
mental appliances. I hope I shall not be misunderstood as underrating the 
importance of great accuracy in its proper place if I express the opinion that the 
desire for it has sometimes had a prejudicial effect. In cases where a rough result 
would have sufficed for all immediate purposes, no measurement at all has been 
attempted, because the circumstances rendered it unlikely that a high standard of 
precision could be attained. Whether our aim be more or less ambitious, it is 
important to recognise the limitations to which our methods are necessarily subject, 
and as far as possible to estimate the extent to which our results are uncertain. 
The comparison of estimates of uncertainty made before and after the execution of 
a set of measurements may sometimes be humiliating, but it is always instructive. 

Even when our results show no greater discrepancies than we were originally 
prepared for, it is well to err on the side of modesty in estimating their trustworthi- 
ness. The history of science teaches only too plainly the lesson that no single method 
is absolutely to be relied upon, that sources of error lurk where they are least ex- 
pected, and that they may escape the notice of the most experiericed and conscien- 
tious worker. It is only by the concurrence of evidence of various kinds and from 
various sources that practical certainty may at last be attained, and complete con- 
fidence justified. Perhaps I may be allowed to illustrate my meaning by reference 
to a subject which has engaged a good deal of my attention for the last two years— 
the absolute measurement of electrical resistance. The unit commonly employed in 
this country is founded upon experiments made about twenty years ago by a dis- 
tinguished committee of this Association, and was intended to represent an absolute 
resistance of 10%. C.G.S., ze. one ohm. The method employed by the committee 
at the recommendation of Sir W. Thomson (it had beer originally proposed by 
Weber) consisted in observing the deflection from the magnetic meridian of a needle 
suspended at the centre of a coil of insulated wire, which formed a closed circuit, 
and was made to revolve with uniform and known speed about a vertical axis. 
From the speed and deflection in combination with the mean radius of the coil and 
the number of its turns, the absolute resistance of the coil, and thence of any other 
standard, can be determined. 

About ten years later Kohlrausch attacked the problem by another method, 
which it would take too long to explain, and arrived at the result that the B.A. 
unit was equal to 1:02 ohms—about two per cent. too large. Rowland, in 
America, by a comparison between the steady battery current flowing in a primary 
coil with the transient current developed in a secondary coil when the primary 
current is reversed, found that the B.A. unit was ‘991 ohms. Lorentz, using a 
different method again, found ‘980, while H. Weber, from distinct experiments, 
arrived at the conclusion that the B.A. unit was correct. It will be seen that 
the results obtained by these highly competent observers range over about four 
per cent. Two new determinations have lately been made in the Cavendish 
laboratory at Cambridge, one by myself with the method of the revolving coil, and 
another by Mr. Glazebrook, who used a modification of the method followed by 
Rowland, with the result that the B.A. unit is ‘986 ohms. I am now engaged 
mpAn a third determination, using a method which is a modification of that of 

orentz. 

In another important part of the field of experimental science, where the 
subject-matter is ill understood, and the work is qualitative rather than quantita- 
tive, success depends more directly upon sagacity and genius. It must be admitted 
that much labour spent in this kind of work is ill directed. Bulky records of crude 
and uninterpreted observations are not science, nor even in many cases the raw 
material out of which science will be constructed. The door of experiment stands 
always open; and when the question is ripe, and the man is found, he will nine 
times out of ten find it necessary to go through the work again. Observations 
made by the way, and under unfavourable conditions, may often give rise to valuable 
suggestions, but these must be tested by experiment, in which the conditions are 
simplified to the utmost, before they can lay claim to acceptance. 
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When an unexpected effect is observed, the question will arise whether or not 
an explanation can be found upon admitted principles. Sometimes the answer can 
be quickly given; but more often it will happen that an assertion of what ought 
to have been expected can only be made as the result of an elaborate discussion of 
the circumstances of the case, and this discussion must generally be mathematical 
in its spirit, if not in its form. In repeating, at the beginning of the century, the 
well-known experiment of the inaudibility of a bell rung in vacuo, Leslie made the 
interesting observation that the presence of hydrogen was inimical to the produc- 
tion of sound, so that not merely was the sound less in hydrogen than in air of 
equal pressure, but that the actual addition of hydrogen to rarefied air caused a 
diminution in the intensity of sound. How is this remarkable fact to be explained ? 
Does it prove that, as Herschel was inclined to think, a mixture of gases of widely 
different densities differs in its acoustical properties from a single gas? These 
questions could scarcely be answered satisfactorily but by a mathematical investi- 
gation of the process by which vibrations are communicated from a vibrating solid 
body to the surrounding gas. Such an investigation, founded exclusively upon 
principles well established before the date of Leslie's observation, was undertaken 
years afterwards by Stokes, who proved that what Leslie observed was exactly 
what ought to have been expected. The addition of hydrogen to attenuated air 
increases the wave-length of vibrations of given pitch, and consequently the 
facility with which the gas can pass round the edge of the bell from the advancing 
to the retreating face, and thus escape those rarefactions and condensations which 
are essential to the formation of a complete sound-wave. There remains no reason 
for supposing that the phenomenon depends upon any other elements than the 
density and pressure of the gaseous atmosphere, and a direct trial, e.g. a compari- 
son between air and a mixture of carbonic anhydride and hydrogen of like density, 
is almost superfluous. 

Examples such as this, which might be multiplied ad libitum, show how diffi- 
cult it often is for an experimenter rightly to interpret his results without the aid 
of mathematics. It is eminently desirable that the experimenter himself should be 
in a position to make the calculations, to which his work gives occasion, and 
from which in return he would often receive valuable hints for further experiment. 
I should like to see a course of mathematical instruction arranged with especial 
reference to physics, within which those whose bent was plainly towards experi- 
ment might, more or less completely, confine themselves. Probably a year spent 
judiciously on such a course would do more to qualify the student for actual work 
than two or three years of the usual mathematical curriculum. On the other side, 
it must be remembered that the human mind is limited, and that few can carry 
the weight of a complete mathematical armament without some repression of their 
energies in other directions. With many of us difficulty of remembering, if not 
want of time for acquiring, would impose an early limit. Here, as elsewhere, the 
natural advantages of a division of labour will assert themselves. Innate dexterity 
and facility in contrivance, backed by unflinching perseverance, may often conduct 
to successful discovery or invention a man who has little taste for speculation; and 
on the other hand the mathematician, endowed with genius and insight, may find a 
sufficient field for his energies in interpreting and systematising the work of others. 

The different habits of mind of the two schools of physicists sometimes lead 
them to the adoption of antagonistic views on doubtful and difficult questions. 
The tendency of the purely experimental school is to rely almost exclusively upon 
direct evidence, even when it is obviously imperfect, and to disregard arguments 
which they stigmatise as theoretical. The tendency of the mathematician is to 
oyerrate the solidity of his theoretical structures, and to forget the narrowness of 
the experimental foundation upon which many of them rest. 

By direct observation, one of the most experienced and successful experimenters 
of the last generation convinced himself that light of definite refrangibility was 
capable of further analysis by absorption. It has happened to myself, in the course 
of measurements of the absorbing power of various media for the different rays of 
the spectrum, to come across appearances at first sight strongly confirmatory of 
Brewster’s views, and I can therefore understand the persistency with which he 
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retained his opinion. But the possibility of further analysis of light of definite 
refrangibility (except by polarisation) is almost irreconcilable with the wave 
theory, which on the strongest grounds had been already accepted by most of 
Brewster's contemporaries ; and in consequence his results, though urgently pressed, 
failed to convince the scientific world. Further experiment has fully justified 
this scepticism, and in the hands of Airy, Helmholtz, and others, has shown that 
the phenomena by which Brewster was misled can be explained by the unrecognised 
intrusion of diffused light. The anomalies disappear when sufficient precaution is 
taken that the refrangibility of the light observed shall really be definite. 

On similar grounds undulationists early arrived at the conviction that physically 
light and invisible radiant heat are both vibrations of the same kind, differing 
merely in wave-length ; but this view appears to have been accepted slowly, and 
almost reluctantly, by the experimental school. 

When the facts which appear to conflict with theory are well-defined and Jend 
themselves easily to experiment and repetition, there ought to be no great delay in 
arriving at a judgment. Either the theory is upset, or the observations, if not 
altogether faulty, are found susceptible of another interpretation. The difficulty is 
greatest when the necessary conditions are uncertain, and their fulfilment rare and 
uncontrollable. In many such cases an attitude of reserve, in expectation of further 
evidence, is the only wise one. Premature judgments err perhaps as much on 
one side as on the other. Certainly in the past many extraordinary observations 
have met with an excessive incredulity. I may instance the fire-balls which some- 
times occur during violent thunderstorms. When the telephone was first invented, 
the early reports of its performances were discredited by many on quite insufficient 

rounds. 

4 It would be interesting, but too difficult and delicate a task, to enumerate and 
examine the various important questions which remain still undecided from the 
opposition of direct and indirect evidence. Merely as illustrations I will mention 
one or two in which I happen to have been interested. It has been sought to 
remedy the inconvenience caused by excessive reverberation of sound in cathedrals 
and other large unfurnished buildings by stretching wires overhead from one wal! 
to another. In some cases no difference has been perceived, but in others it is 
thought that advantage has been gained. From a theoretical point of view it is 
difficult to believe that the wires could be of service. It is known that the 
vibrations of a wire do not communicate themselves in any appreciable degree 
directly to the air, but require the intervention of a sounding-board, from which 
we may infer that vibrations in the air would not readily communicate themselves 
to stretched wires. 1t seems more likely that the advantage supposed to have been 
gained in a few cases is imaginary than that the wires should really have played 
the part attributed to them. 

The other subject on which, though with diffidence, I should like to make a 
remark or two, is that of Prout’s law, according to which the atomic weights 
of the elements, or at any rate of many of them, stand in simple relation to that 
of hydrogen. Some chemists have reprobated strongly the importation of 
@ priori views into the consideration of the question, and maintain that the 
only numbers worthy of recognition are the immediate results of experiment. 
Others, more impressed by the argument that the close approximations to simple 
numbers cannot be merely fortuitous, and more alive to the inevitable imperfec- 
tions of our measurements, consider that the experimental evidence against the 
simple numbers is of a very slender character, balanced, if not outweighed, by the 
a priort argument in favour of simplicity. The subject is eminently one for further 
experiment ; and as it is now engaging the attention of chemists, we may look for- 
ward to the settlement of the question by the present generation. The time has 
perhaps come when a re-determination of the densities of the principal gases may 
be desirable—an undertaking for which I have made some preparations. 

If there is any truth in the views that I have been endeavouring to impress, 
our meetings in this Section are amply justified. If the progress of science demands 
the comparison of evidence drawn from different sources, and fully appreciated only 
by minds of different orders, what may we not gain from the opportunities here given 
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for public discussion, and, perhaps more valuable still, private interchange of 
opinion? Let us endeavour, one and all, to turn them to the best account. 


The following Reports and Papers were read :— 


1. Second Report of the Committee for the Measurement of the Lunar 
Disturbance of Gravity.—See Reports, p. 25. 


2. Report of the Committee upon the present state of our Knowledge 
of Spectrum Analysis —See Reports, p. 120. 


3. On the Tension of Mercury Vapours at Common Temperatures. 
By Professor Lorp Rayueicu, F.R.S. 


The author called attention to the difficulty of reconciling the values of 
Regnault and Hagen with the phenomena observed by Crookes relating to the 
viscosity of gases at high exhaustions. The total gaseous pressure in the working 
chamber cannot be less than that of the mercury at the pump. If the penetration 
of mercury vapour be prevented by chemical means, some other gas must be 
present in equivalent quantity. If the value of Regnault and Hagen is sub- 
stantially correct, it does not appear how the phenomena could vary so much as 
they are observed to do at the highest degrees of exhaustion as measured by the 
Macleod gauge. The question then arises whether the value of mercury tension 
hitherto received may not be much in excess of the truth. In Hagen’s researches 
it is assumed without reason that the pressure in a chamber of variable tempe- 
rature is governed by the temperature of the coldest part, but this consideration 
tells in the wrong direction. It was suggested that possibly a change in the 
capillary constant, or currents in the fluid mercury at the chilled surface of the 
meniscus, might have had something to do with the minute changes of level which 
haye been attributed to differences of pressure in the mercury vapour. 


4. On the Velocity of White and Coloured Inght. 
By Professor G. Fornes, M.A., F'.R.S.E. 


The author gave an account of the experiments made by him in conjunction with 
Dr. James Young, I'.R.S., with a view to determining the velocity of light. This 
research has been published in the Transactions of the Royal Society. The chief 
point of interest is that it appears that the velocity of blue light is greater than 
that of red, the difference being between 1 and 2 per cent. of the whole velocity. 


5. Preliminary Account of Results obtained during the late total Solar 
Eclipse (May 17, 1882). By Dr. Artuur Scuuster, F.R.S., and 
Captain Abney, F’.R.S. 


Three photographs of the corona were obtained with different exposures. The 
comet Tewfik, discovered during the eclipse, appears on the photographs, and the 
change in its position on successive plates shows that it was receding from the sun. 
A plate exposed in a camera, which had a prism in frout of the lens, showed a 
series of impressions corresponding to the different kinds of light sent out by the 
prominences, It is seen from this that different prominences were at different 
temperatures. The most intense image in every case corresponds to the calcium 
lines. 

A photograph obtained in a complete spectroscope gives a complicated promi- 
nence spectrum, a strong continuous spectrum in the lower parts of the corona, a 
reversal of the solar line G in the upper regions, and a great number of coronal 
lines in the blue, violet, and ultra-violet. 
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6. On some Matters relating to the Sun. 
By Dr. AntHuR Scuuster, /.R.S. 


Observations of the shape assumed by the solar corona in successive eclipses 
during the last fifteen years have shown remarkable changes coincident with the 
sunspot period. The corona of sunspot minimum is characterised by a certain 
symmetry about an axis not far removed from the sun’s axis of rotation, but very 
likely not quite coincident either with it or with an axis perpendicular to the plane 
of the ecliptic. Some apparent irregularities in the symmetry seem to be due to 
differences in the position of the earth in its annual orbit. Changes in the spectro- 
scopic and polariscopic properties of the corona which are coincident and con- 
nected with the changes of form seem to point to a partly meteoric origin of the 
corona. 


7. On the Method of Harmonic Analysis used in deducing the Numerical 
Values of the Tides of long period, and on a Misprint in the Tidal 
Report for 1872. By G. H. Darwin, F.R.S.—See Reports, p. 319. 


8. On the Photographic Spectrum of Comet (Wells) 1, 1882. 
By Witu1am Hueains, D.C.L., DL.D., F.R.S. 


.[Puate IX.] 


Last year I had the honour of presenting to the British Association an account of 
a photograph of the spectrum of the brightest comet of that year, accompanied by 
some remarks on the unity of type of spectrum of all the comets to which the 
spectroscope had been applied since 1864. 

The bright comet of the present year presents, for the first time, a spectrum 
differing essentially from the hydrocarbon type to which all the other comets 
belonged. 

Observations of the visible region of the spectrum had already showed the 
probable absence of the usual hydrocarbon groups, one or two observers suspecting 
only the brightest of the groups. The comet gave a brilliant continuous spectrum, 
and also a bright double line coincident with that of sodium at D of the spectrum, 
and some other bright lines. 

On May 381, I obtained a photograph of the spectrum of this comet. The plate 
was exposed for one hour and a quarter. Through the second half of the slit I took 
on the same plate a spectrum of a Ursa majoris for the determination in position of 
the lines of the comet’s spectrum. 

The photographic plate showed a strong continuous spectrum extending from 
about F to a little beyond H. 

In the continuous spectrum of the comet of last year the Fraunhofer lines were 
clearly visible, but in the stronger continuous spectrum of the present comet, I was 
not able to distinguish any of these solar lines. 

The slit was indeed more open than was the case last year, and this circumstance 
would make these lines less distinct, but the lines G and H are well seen in the 
star’s spectrum taken under the same conditions. We may conclude therefore that 
the part of the comet’s original light which gives a continuous spectrum is much 
stronger relatively to the reflected solar light in this comet than was the case in 
the comet of last year, and for this reason the Fraunhofer lines are not to 
be seen. 

In agreement with eye observations made in the visible region, this photo- 
graph does not contain the strong ultra-violet group assigned to cyanogen; also 
the bright groups of the comet of last year between G and h, and between h and H 
do not appear to be present. 

In the continuous spectrum at least five places of greater brightness can be dis- 
tinguished, which undoubtedly represent groups of bright lines, though they are 
not sufficiently distinct in the photograph to admit of resolution into lines. The 
correctness of this interpretation is rendered much more probable by the circum- 
stance that these groups, as is shown in the diagram, project beyond the strong con- 
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tinuous spectrum on one side. The head of the comet was in sharp focus upon the 
slit, and the continuous spectrum with defined edges corresponds to the nucleus, 
which in this comet was very distinct. The side of the spectrum on which these 
suspected groups project corresponds to the light of the corona on the side of the 
nucleus next the sun. We learn, therefore, that the light of this part of the coma 
consisted chiefly, in this region of the spectrum, of these groups; as, on the plate, 
only a very faint continuous spectrum can be seen between these projected parts 
of the bright spaces. 

It is not possible to measure with accuracy the beginnings and endings of 
these groups. Measures as accurate as the circumstances would permit have been 
taken, therefore, of the brightest parts of the groups. The wave-lengths of these 
brightest parts are :— 


As the lines of sodium were strong in the visible part, it may be that some of 
the light producing some of these groups may be due to that substance. 

Mr. Hind has kindly furnished me with the distance of this comet from the sun 
at the time the photograph was taken. The comet was then 42,380,000 miles 
from the sun, while the comet of last year was distant 69,420,000 when I obtained 
the photograph of its spectrum. Considering the fact that the presence of sodium 
and the absence of the hydrocarbon groups were observed some time previously to 
the taking of the photograph, when the comet was much farther from the sun, we 
cannot attribute this difference of spectrum directly to greater heat through a 
nearer approach to the sun, but must regard it as arising from a different chemical 
constitution of the cometary stuff. Professor A. Herschel and Dr. von Konkoly 
showed long ago that the spectra of the periodic meteors are different for 
different swarms, and it is not surprising that the nuclei of comets should differ 
chemically. 

If the light of comets is due to electric discharges, then, although these dis- 
charges would owe their existence to solar heat, their heating effect upon the 
cometary matter might not be strictly proportional to the nearness of the comet 
to the sun. In this case too the absence of the hydrocarbon lines might not neces- 
sarily indicate the freedom of the cometary matter from these substances. It has 
long been known how preferential is an electric discharge when several substances. 
are present at the same time, and Dr. Hasselberg has recently shown by some 
laboratory experiments that in the presence of sodium vapour the hydrocarbon 
spectrum fades out. Notwithstanding these considerations, it is probable that 
the comet of this year owed the exceptional character of its spectrum to some 
unusual chemical condition of the meteoric matter which forms its nucleus. 

[P.S.]—November 14.—The spectrum of the great comet which was discovered 
near the sun in September was similar in the visible region to that of comet 
Wells. Now that this comet has receded from the sun the lines of sodium are 
fainter, and the hydrocarbon groups seen in former comets have made their appear- 
ance. These observations support the view taken in this paper, but suggest that 
the chemical state of the matter of these two comets is not essentially different from 
that of former comets, but is probably a modification of the same fundamental 
constitution.— W. H.] 


9. On the Photographie Spectrum of the Great Nebula in Orion. 
By Witu1am Hoeerns, D.O.L., DL.D., F.R.S. 
[Pirate X.] 


In September 18641 I had the honour to announce to the Royal Society that 
I had discovered that certain of the Nebule (up to that time, eight in number), 
give a spectrum of bright lines. In one nebula four bright lines were observed. 


1 Phil. Trans. 1864, p. 437. 
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In January 1865,! I found that the light of the Great Nebula of Orion is re- | 
solved into the same set of bright lines. Further observations on the spectrum of 
the nebula in Orion, and the spectra of other nebulz, were made subsequently with 
more powerful apparatus.” 

The result of these observations was to show that in the visible region, the 
‘spectrum of the Great Nebula in Orion consists of four bright lines, the positions 
of which are \ 5005, 4957, 4861, and 4340. The least refrangible line appeared, 
in the instrument used, to be coincident with the less refrangible component of 
the brightest double line of the spectrum of nitrogen. The third and fourth lines 
agreed in position with the lines 8 and y of the hydrogen spectrum, with which 
they were compared directly in the spectroscope. 

During the last few years I have made several attempts to extend our know- 
ledge of the spectra of the nebule into the more refrangible region beyond the 
reach of the eye by means of photography. On March 7 last (1882), I succeeded 
in obtaining a photograph of the spectrum of the Great Nebula in Orion. 

The apparatus was the same with which I had photographed the spectra of 
stars, and the spectrum of comet b, 1881. It consists essentially of a spectroscope 
furnished with a prism of Iceland spar, and lenses of quartz, placed so that the 
slit shall be in the principal focus of a metallic speculum 18 inches in diameter, 
and driven by an electrically controlled clock. 

A gelatine plate was used very sensitive from about Fraunhofer’s } of the 
spectrum, to a long distance in the ultra-violet. 

The exposure was limited by the coming up of clouds to about 45 minutes, 

The opening of the slit was made wider than in my work on the stars. The slit 
was kept upon a bright part of the nebula near the trapezium in the ‘ Fish’s 
mouth’ of the nebula. 

The photographic plate shows a spectrum of bright lines sufficiently distinct to 
admit of measurement ; there is also present an exceedingly faint continuous spec- 
trum. 

In my eye-obseryations of the visible region of the spectrum, I was nearly always 
conscious of the presence of a faint continuous spectrum, but in no part of the 
nebula did this continuous spectrum become strong relatively to the bright lines, 
which were present throughout the whole extent of the nebula. 

The great range of the spectrum to which the plate was sensitive enabled me 
to see upon it all the lines which had been previously observed with the eye. In 
addition to these known lines the plate shows a relatively strong line in the ultra- 
violet region, which is new to us. 

As the slit was wide, this line appears broad on the plate, but for the same 
reason so do also the known lines. Hye-observations have shown these lines to be 
extremely narrow and defined at the edges. There is reason to believe that this 
new line, though relatively intense, is similar in character to the other lines, 
namely, narrow and defined. The great advantage of this control from lines 
common to the photographic plate and to observations by eye, is seen further in 
the following circumstance. The spaces occupied on the plate by the broad lines 
do not appear to be quite uniform, but somewhat less strong in the middle; but 
the results of the eye-observations show conclusively, as might be suspected for 
other reasons, that this appearance does not indicate duplicity of the lines, but 
simply a want of absolute precision of focal adjustment. 

The broad character on the plate of this new line does not permit of quite the 
same accuracy of determination of position as would have been possible with a 
narrower slit. There is little doubt, however, that this new line agrees in position 
with the line ¢ of the typical spectrum of the white stars.3 For this reason, this 
typical spectrum has been placed in the diagram by the side of the photographic 
spectrum of the nebula. The wave-length of the new line is therefore \ 3730. 

There can be little doubt that this typical spectrum is due to hydrogen, and — 


1 Proc. Roy. Soc. vol. xiv. p. 39. 
2 Phil. Trans, 1868, p. 540, and Proc. Roy. Soc. vol. xx. p. 380. 
8 Phil, Trans. 1880, p. 672. 
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at this new line in the nebula, as well as the two less refrangible lines which 
had been observed by the eye, are produced by this substance. 
It is of much interest to compare the extreme differences of character of these 
lines of hydrogen which are common to the white stars and to the nebula, In 
the stars these lines are very broad and winged at the edges, while in the nebula 
they are of exceeding thinness and wholly free from a winged condition, indicating 
great differences in the temperature and density of the gas as it exists in these two 
orders of celestial bodies. 
I cannot say positively whether the lines of hydrogen between Hy and the 
_ line ¢ at 3730, which are present in the stars, are altogether absent in this nebula. 
_ If they exist in the spectrum of the nebula they must be exceedingly faint rela- 
tively to those present. I suspect a want of uniformity of the film at this part, 
and also beyond \ 3730, and this may indicate possibly the presence of very faint 
lines. Under the most favourable conditions of illumination, I am almost certain 
of faint lines at the positions of h and H. In the diagram only those lines about 
which there can be no uncertainty are inserted, and the new line is made broad 
for the purpose of indicating its great intensity relatively to the other lines. 
In my laboratory experiments, I have succeeded in obtaining spectra of hydro- 
gen in which some of the lines in this region are either absent or very greatly 
reduced in intensity, but I have not yet obtained a spectrum which represents a 
_ state of things precisely similar to that which obtains in this nebula. 
: Z 


FRIDAY, AUGUST 23. 
The following Papers were read :— 


1. On the Absolute Measurement of Electric Currents. 
: By Professor Lorp RayuercH, F.2.S. 


The accurate absolute measurement of currents seems to be more difficult than 
that of resistance. The methods hitherto employed require either accurate mea- 
surements of the earth’s horizontal intensity, or accurate measurements of coils of 
small radius and of many turns. If in the latter measurement we could trust to 
the inextensibility of the wire, as some experimenters have thought themselves 
able to do, the mean radius could be accurately deduced from the total length of 

wire and the number of turns; but actual trial has convinced me that fine wire 
stretches very appreciably under the tension necessary for winding a coil satis- 
factorily. Kohlrausch’s method, in which the same current is passed through an 
absolute galvanometer, and through a coil suspended bifilarly in the plane of 
the meridian, is free from the above difficulty ; but it is not easy so to arrange the 
proportions that the suspended coil shall be sufficiently sensitive, and the galvano- 
meter sufficiently insensitive. In this method, as in that of the dynamometer, 
the calculation of the forces requires a knowledge of the moment of inertia of the 
suspended parts. 

When the electromagnetic action is a simple attraction or repulsion, it can be 
determined directly by balancing it against known weights. In Mascart’s recent 
determination a long solenoid is suspended vertically in the balance, and is acted. 
upon by a flat coaxial coil of much larger radius, whose plane includes the lower 
extremity of the solenoid. This arrangement, though simple to think about, does 
not appear to be the one best adapted to secure precise results. It is evident that 
a large part of the solenoid is really ineffective, those turns which lie nearly in 
the plane of the flat coil being but little attracted, as well as those which lie to- 
wards the further extremity. The result calculated from the total length of wire 
(even if this could be trusted), the length of the solenoid, and the number of turns, 
has an appearance of accuracy which is illusory, unless it can be assumed that the 
distribution of the wire over the length is strictly uniform. It would appear that 
all the turns of the suspended coil should operate as much as possible, that is, that 
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the suspended coil should be compact, and should be placed in the position of 
maximum effect. 

There is a further incidental advantage in this arrangement, which it is the 
principal object of the present note to point out. The expression for the attrac- 
tion involves as factors the product of the numbers o7 turns, the square of the 
current, and a function of the mean radii of the two coils, and of the distance 
between their mean planes. Now, as may be seen from the fact that the square 
of a current is already of the dimensions of a force, this function of three linear 
quantities is itself of no dimensions. In determining its actual value we should 
in general be subject to three errors; but when the position is such that the func- 
tion (for two given coils) is a maximum, the result is practically dependent only 
upon the two mean radii, and being of no dimensions can involve them only in the 
form of a ratio. In order then to calculate the result, all that it is necessary to 
know with precision is the ratio of the mean radii of the two coils. This ratio 
can be obtained electrically, with full precision, and without any linear measure- 
ments. For, if the two coils considered as galvanometer coils are brought coaxially 
into the same plane, the ratio of their constants can be found by the known method 
of dividing a current between them in such a way that no effect is produced upon 
a small magnet suspended at their common centre. The ratio of the resistances 
in multiple arc gives the ratio of the currents, and this again (subject to small cor- 
rections for the finite size of the sections), gives the ratio of the mean radii. 

It appears that in this way all that is necessary for the absolute determination 
of currents can be obtained without measurements of length, or of moments of 
inertia, or even of absolute angles of deflection, In practice it will be desirable 
to duplicate the fixed coil, placing the suspended coil midway between two similar 
fixed ones, through which the current passes in opposite directions. A rough 
approximation to the condition of things above described will be quite sufficient. 


2. On the Duration of Free Electric Currents in an Infinite Conducting 
Cylinder. By Professor Lorp Rayuuieu, F’.R.S. 


Taking the axis of the cylinder as that of z, we suppose that the currents are 
functions of 4/(x?+ y*), or 7, only, and flow in the circles 7 = constant. 
From the equations given in Maxwell’s ‘ Electricity,’ vol. ii. §§ 591, 598, 607, 
610, 611, we may deduce for a conductor of constant p 
a? venta de 
da + ay +p )e=4muce 
with similar equations for 6 and a. 
In the present case the magnetic forces 6 and a vanish, and ¢ is a function of r 
only. Thus 


Barr de 
Tet pgs) ote Cag! 
or if c varies as e—"*, 
Te aha 
(S242 +4nunc) c=0, 


the solution of which, subject to the condition of finiteness at the centre, is 


c=AJ,(/4runC . r) = AJ (kr). 

To determine the admissible values of n, we have only to form the con- 
dition which must be satisfied at the boundary of the cylinder r= R. It is evident 
that the magnetic force must here be zero, so that the condition is 

J,(./4rpnC . R) =0. 
The roots of the function are, 
2-404, 5:520, 8654, 11:792, &e. 
For the principal mode of longest duration 
c= AJ,(2°404 r/R) 
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ahd 2404? 
Aap CR? 
If r be the time in which the amplitude sinks in ratio e: 1 
_1_ 4rpCR? 


~n (2-404) 


For copper in C.G.S. measure C=5a> p=l, 


and thus c= < nearly 
Tn order that r should be one second, the diameter of the cylinder would have 
to be about two feet. 


3. On the Equilibrium of Liquid-conducting Surfaces charged with 
Electricity.| By Protessor Lorp Rayueicu, F.R.S. 


4, On a New Hand Dynamo-Machine. By W. H. Preece, F.R.S. 


The author described a compact dynamo-machine designed by the Baron de 
Meritens for lecturing, teaching, and laboratory purposes. It consists of a Pacinotti 
armature rotating in an electro-magnetic field of the Gramme type. It gives a 
continuous current and produces an electromotive force of 70 volts. The resis- 
tances of the armature and of the field magnets are 4 ohms each. One man can 
thus produce a current of one ampére through an Edison incandescent lamp with 
great ease, and four men can illumine four such lamps. The cost of the instrument 
was 360 francs in Paris. 


5. On Secondary Batteries, with special reference to Local Action. 
By J. H. Guapstons, Ph.D., F.R.S. 


The elements of which a Planté battery and its various modifications consist 
are metallic lead, peroxide of lead, and dilute sulphuric acid. The reaction that 
takes place is the combination of the positive metal with SO,, forming PbSO,, 
and the reduction of the PbO, by means of the hydrogen to PbO, which in the 
presence of sulphuric acid is also converted into sulphate of lead and water. The 
amount of force which can be obtained from a cell depends upon the amount of 
peroxide of lead which is capable of being reduced. Now the negative plate of 
these secondary batteries is itself an arrangement of lead and lead peroxide, and if 
immersed in dilute sulphuric acid galvanic action is at once set up. This ‘local 
action ’ is, fortunately, soon diminished by the formation of the badly-conducting 


_ sulphate of lead upon the surfaces of the lead plate and crystals of peroxide. 


a a 


When the two plates are brought into connection the discharge takes place be- 
tween them, but the local action on the negative plate is not stopped. This is 
shown by the much larger amount of sulphate of lead produced on the negative 
than on the positive plate. In three experiments in which the resistance was 
varied this increase amounted to 15, 34, and 53 per cent. respectively. The 
amount of available peroxide of lead that may have been thus destroyed on any nega- 
tive plate is not easily recognised, for the electromotive force is not affected, and the 
current obtainable in the first instance is not much reduced, though of course the 
same amount of work cannot be got out of the battery. 

This local action takes place also during the formation of a cell. One of the 
proofs of this is that much more oxygen is absorbed than could possibly be 
absorbed in the oxidation of the minium used in a Faure cell; indeed, in one 
experiment which was continued for 115 hours, it was found that a small amount 
of oxygen was being continuously absorbed, though the main action was complete 
in less than 40 hours. This was attributed to the formation of sulphate at the 


expense of the lead plate, and its subsequent oxidation. 


As this local action impairs the value of these secondary batteries, it becomes 
Phil. Mag., September, 1882. 
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an important problem to ascertain what modification of the present arrangements 
will minimise if not entirely prevent it. 


6. Demands of a System of Electrical Distribution. 
By F. J. Spracun, U.S. Navy. 


The multiple are system of distribution, having the advantages of simplicity, 
independence of circuits, and reliability, is the only one which can have any wide- 
speed application for domestic purposes where the current is taken directly from 
the generators. Considering a single machine, the external resistance diminishes 
with the increase in the number of circuits, the current varies inversely with the 
external resistance, and the potential at the terminal remains constant, while the 
electromotive force of the machine does not. If » is the ratio of external to 
internal resistance, / the electromotive foree developed when these resistances are 
equal, and Z’ the electromotive force when 7 has some other value than one, then 


FE {1 
D ieee (ps 
2 (> Re 1) 


The curve being traced shows :— 

Ist. In a single generator the electromotive force is not proportional to the 
number of lights or motors or the current developed. 

2nd. No matter how high the external resistance, or how limited the number 
of derived circuits, the electromotive force of a machine required to maintain a 
fixed difference of potential at the terminals, can never be less than one-half that 
developed when the external and internal resistances are equal. 

8rd. The increase of electromotive force required as the external resistance 
decreases, or the number of derived circuits is increased, is very gradual up to the 
point where the external resistance is three or four times the internal, beginning 
then to rise more rapidly. 

4th. When the external resistance falls below the internal, the rise is very 
rapid, and if this difference is marked, then it becomes impossible to maintain a 
fixed difference of potential, because of the great increase necessary in the strength 
of the magnetic field and the velocity of the armature. A great amount of heat, 
and consequently wasted energy, would be developed in the armature. 

In a general system there would be a low external resistance and large currents, 
the energies of which are proportional to the squares. 

Consequently the resistance of lamps should be high; but there is a limit, 
determined principally by the illumination required, and the potential. Since for 
a given illuminating surface small section carbons give the highest resistance and 
least mass, we should diminish the diameter and increase the length and resistance - 
of carbon, meeting this by an increase of potential. Several reasons, one of the 
principal being safety, indicate about 150 volts as the limit at the terminal of 
the lamp circuits. With a given standard, it is necessary to have also lamps of 
higher power. For this we must increase the width of carbons, or their length, 
while the specific resistance is reduced. Flat carbons are preferable to circular 
ous because the resistance of the last diminishes as the square of the increase of 
surface. 

The energy required for a system is expended in overcoming friction and 
inertia, magnetising useless parts, and generating currents which do work in the 
armature, field coils, conductors, and lamps. Of these, the work required for 
friction and inertia, and for the field magnets, is about the same whatever the 
number of lights on a single machine, Various considerations lead me to the 
following conclusions :— 

1. The resistance of the armature of the generator should be as low as possible 
compatible with the power to furnish the necessary electromotive force. 

2. The generator should be able to produce this electromotive force with the 
field magnet at less than the maximum economic saturation, and at a velocity less 
than that at which the armature can be safely run, in order that there may be a 
margin for increased efficiency in case of an unexpected demand. 
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3. The lamps and motor should have a high resistance, the standard lamp not 
higher than 476 to 500 ohms. 

4. The resistance of the conductor should be as low as practicable, and should 
be graded in size for the current required. 

5. The electromotive force of the generator should never rise to over 170 volts. 

6. The lamps should be simple of construction, durable and cheap, and all 
alike. 

7. The generator and the engine should be of the most substantial construction. 

8. The points of derivation should all have, and all be maintained at, the same 
difference of potential as nearly as possible. 

9. The energy necessarily lost in armature and conductors of any fixed resist- 
ance for lamps of the same absolute economy varies inversely as the resistance of 
the lamps, or as the squares of the currents used. 

10. Since in a single generator the total power used is not proportional to the 
number of lamps in circuit, a machine should be run nearly to its maximum 
capacity. 

11. There should not be a single generator or a single circuit which may be 
destroyed ; but there should be such an arrangement that the external demands, 
both with regard to resistance and current required, may be met by suitable 
changes in the resistance and supply of the generative system. 

12. The relation of internal and external resistance should be in a system the 
same as exists in a single generator when worked to nearly its full capacity. 

15. With such proper relation of internal and external resistance the electro- 
motive force will vary but slightly, and the power used will be very nearly pro- 
portional to the number of lamps or the current developed. 

14. Insulation of conductors and of the armatures should be good, and provision 
made to prevent fire arising from an abnormal increase of current. 

15. Means should exist of accurately measuring the current used, 

16. A large system should be as economical as a single generator worked 
nearly to its full capacity, and should be capable of regulation with the same ease. 

Much has been said about the subdivision of the electric light and the subdivision 
of the current ; and such subdivision of electricity has been the great bugbear in 
the distribution of power and light by its means. This term, while conveying 
an idea, is in reality essentially wrong. It implies the existence of a current, 
the expenditure of energy, before the required subdivision of such current is made. 
A current is a function, not only of potential, but of potential and resistance. 
We desire to establish a certain potential, or difference of potential, and to maintain 
this so that when a circuit is established, a channel opened, a current may be 
established in that circuit. We do not divide a current, do not divide a potential, 
but having established a difference of potential in two conductors, we open one or 
more paths, and a current flows over these paths dependent on their resistance, 
and independent of each other, and such additional current having been formed, 
the current over the main conductor is increased by just such increment, which 
increment did not exist until the new path was made. There has been no sub- 
division of a current, there has been a creation. Such new current having been 
made, of course more power must be supplied to maintain the existing potential. 


7. On the Comparison of the Mercury with the Hydrogen Thermometer. 
By Professor J. M. Crarrs. 


A thermometer filled with air or some other gas is the standard instrument for 
measuring temperature, and a correction is necessary to bring the results of a 
mercury thermometer into accord with this standard. The only table of corrections 
for temperatures above 100 degrees Centigrade is that published by Regnault 
thirty years ago. It has been found that this does not apply to the instruments in 
use to-day, and a new series of determinations has been made of a number of 
French and of one German thermometer, giving results so concordant that a new 
table for general use can be founded upon them. 

The deviation of the mercury from the gas thermometer is much smaller than 
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that found by Regnault, and lead-glass and common German glass have given 
nearly identical results. 

A method of treatment to prevent considerable changes of the zero points of 
mercury thermometers is proposed to be applied to all thermometers before gradua- 
tion, and a new method for graduating thermometers in short sections is recom- 
mended, which is founded upon a series of determinations of the boiling points of 
certain pure substances. 


SATURDAY, AUGUST 26. 
The following Report and Papers were read :— 


1. Report on Recent Progress in Hydrodynamics. Part 11.—Special 
Problems. By W. M. Hicks, M.A.—See Reports, p. 39. 


2. On the Rotation of a Homogeneous Liquid Ellipsoid.' 
By A. G. Grernuitt, M.A. 


In ‘Comptes Rendus,’ tom. lxvi. p. 1144, Allegret has considered the integral of 
dx , dy _ 0 
seine we? 
where X=A + Be +Ca? + Da 
Y=A + By + Cy? + Dy’, 


%< : 3 ‘ : 
A (PEAT coy 1 (BEM A 
vy vy j 
where a is the arbitrary constant. 

He does not further rationalise it. To obtain the result in a rational form, 
consider the equation 


the result being 


dx p dy cided 
(v= a) (w*?—2px+q)}} {(y-a) (y?—2py + q)}3 
and reducing to elliptic integrals by the substitutions 
».« 4 Y : 


Ga Gap 


we have 
dx, ‘ dy, ut 

VSP) VYS—B)’ 

where 7 la p tt 
2_Qna+q’ 
Euler’s integral of which is 
feiss Bas geno 
iret ie one USERS 


where X, = ,/(2,3—05), Y, =./(y,3—}°), and z, is the arbitrary constant. 


Now, #, is such that 
{: Sef dy =|: dey 
X 7=0, 
© v1 AG zy Z, 


* This has since appeared in the Proceedings of the Cambridge Philosophical 
Society, vol. iv. 


? This has since appeared in the Cambridge Messenger of Mathematics, vol. xi. 
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where 2, = / (22-85); 
and since if ‘ 
+cCn U 
ty =b + b/3 l—cnu 
l+env 
Vee OV OT enh 
l+cenw 
not 8/3 l—cnw 
then utv+w=0; tn 
and when LL =Y, then 2, is finite, 
41 = 4 yy Uy i2S finite, 
2 =f » Y118 finite ; 


we see that Euler’s integral may be written in the forms 
(2, +9, +%) (1-1)? = (&,-Y1)? 
(ty +9: 4+%) (¥1-%)?=(Y1 -Z,)" 
(+41 +%) %— 41)? =(Z,-X)", 
or adding and reducing 
32,y,%, = 905 + Y,Z,+Z,X, + X,Y). 
This equation (since X, Y, are rational in x and y) is, when cubed, the complete 
integral of the differential equation 
X-idu + Y~idy =0. 
It will be found to be 
27 XYZ = {8Days+ C(ys+evt vy) +Blwty+2) +3} . 
The developed equation is of the form 
at+hy+ gy?+py° 
+ afh+ by+fy?+qy*} 
+ ur{o+fy? +cy?+ry*} 
+2°{p+qy? + ry? + dy} =0. 
The coefficients, of which ten are different, are therefore derivable from a matrix 
of the form of the determinant which expresses the discriminant of the general 
quadric surface 
u=aa® + by? + cz? + Qfys + Qeza + Qhay + 2pa t+ 2qy + 2rz+d=0. 
{Compare Cayley, ch. xiv. p. 340, ‘ Elliptic Functions.’) 
The result shows that the complete integral of the differential equation is an 
equation «=0, where w is a symmetric cubi-cubic function of (, y): that is, a sym- 
metric function, cubic in regard to each variable separately. 


5. On the Establishment of the Elementary Principles of Quaternions on 


an Analytical Basis.' By Gustave Prarr, D.Sc. 


The writer is of opinion, that for the purpose of initiating the student into the - 
Imowledge of the principles of quaternions, it would be more convenient (to many 
minds at least) to have these principles established by the analytical method.. 
This method presents the advantage of founding the analytical properties of vectors 
and quaternions on a clear basis, which is no other than definition, and assumption 
by definition, and of establishing the geometrical properties on these definitions. 
by way of interpretation and deduction. This is also the method applied to the- 
treatment of the more important applications of quaternions—we mean to say, the 
method which consists in analytical deduction followed by geometrical interpreta- 
tion of the results, 

The working principle by which the geometrical properties may be deduced 
will be the following: Assuming that the product of two vectors is to be effected 


1 A Paper by the same author, and bearing the above title, has been communi- 
cated by Professor Tait to the Royal Society of Edinburgh, and inserted in vol, 
xxvii., part Il. (pp. 175 to 202), of the Transactions of that Society. 

Ga2 


452 REPORT—1882. 


by the rule of distributive multiplication, then this product must represent one and 
the same result, whatever the directions of the components of the factors may be. 

As to details of the way of proceeding, we refer the reader to our paper with the 
above title, printed in the ‘ Transactions of the Royal Society of Edinburgh,’ vol. 
xxvil.; but in order to give an outline of its contents we may state that we con- 
sider in that paper two sets of expressions for two vectors, p and w. Namely 

(1°) { p=Tp Up, Z 
w= Ta Up cos pw+ Us sin pw], 
o being coplanar with p w, and at right angles to p, on the same side as w; and 
(2°) {e =ta+jb + ke, 
w= +7y + ke, 
t, J, & being a system of tri-rectangular unit-vectors of any orientation whatsoever. 
Forming with each set the expressions 
P=pa-wp, Q=pwiwp, 
and identifying P, with P,, and Q, with Q,, we are led to the conclusions: 

(I°) That the expressions Up Uo — Uo Up, and similar ones in ?, 7, &, are vectors, 
perpendicular to Up, Uo, for the first expression, and perpendicular to J, /, in the 
case jk —kyj, and so on. 

(II°) That the expressions UpUo + UoVp, and similar ones in 7, 7, k, are 
scalars, and scalars of one and the same value, namely, the value being equal to 
zero. Further deductions present themselves easily. 

The establishment of (Up)?=—1, 7?=—-1, &c., on the contrary, must be 
made dependent on the discussion of the product of vector factors at least three in 
number. 


6. On Linear Syzygetic Relations between the Coefficients of Ternary 
Quadrics. By Professor R. W. Gunes, M.A. 


Let (a, 3, ¢, f, g, h)(a, y, 2)? =0 be a ternary quadric. 

This represents various curves and surfaces according to the system of co- 
ordinates and the locus in quo. 

To fix the ideas, consider , y, =, as the trilinear co-ordinates of a point, so that 
the quadric represents a conic. 

Now let 

In + mb +ne + pf+qg+rh=0 
be a relation between the coefficients. 

Then it is known that the conic is such that triangles can be inscribed in it 
which are self-conjugate with regard to a fixed conic; but also that if the multipliers 
be themselves connected by the relation 
Lie Ty 19, 
Tr, Mm, p 
Q, P, N 
then the conic is such that two fixed points can be found which are conjugate with 
respect to it. In this case the conic (/, m,n, Pr 1)(, y, 2)? =0 represents two 
straight lines, whose poles, with regard to the imaginary conic, x? + y?+2*=0, are 
the two conjugate points. 

If, however, two linear syzygetic relations be given, then these determine two 
pairs of conjugate points (and a connected pair). For, from the two relations, we 
can form the relation (A,/+A’/’)a + &c. =0, and choose A: X’, so that the symmetrical 
determinant is zero in three ways: these are not independent, for the polars of the 
conjugate points obtained are determined by 

ACU, m,0.- -)(t, Y; 3)? +A (L,/ m! ... .)(a, y, 2)? =0, 
i.e., they are the joins in pairs of the points determined by (/, m.. .)(2, y, 2)? =0, 
and (l’/n’...)(2, y, 2)?=0, and two pairs of joins clearly determine the third 
pair. This is Professor Hesse’s theorem, viz., conics which divide harmonically 
two diagonals of a quadrilateral divide in the same way the third. 


=0 
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Three linear relations, it is known, determine an infinite number of such pairs, 
which lie in general on one cubic curve. The equation to this cubic is 
vool, i I, |=0 
oY OM, My Mz 
02 Ny Ny Ns 
2Y Pi Pe Ps 


OX QN Io Is 
Y LOT, Tr 1s 


aos 


If, however, two of the relations be such that the conic passes through two 
fixed points (2, ¥1) %,)(®2) Yo) %2) the cubic contains as a factor the line Joining 
these points. 

Hence we obtain the identity 


9 


eo O° 2," ae a 


= —2fa,y,,29} {lav + Ke + p(y;% + 2 Yo) + &e.} 


2 (COU 
ozzy 2y,% 2Yor 2p 


2 
Y XO W,y, 2gy, 2 
where X,, X., &c., are the minors of x,, x, &e., in the first factor. 


7. On the Rectifiable Spherical Epicycloid, or Involute of a Small Circle. 
By Henry M. Jerrery, F.R.S. 


1. As in plane geometry the involute of a circle is a terminal form of an 
epicycloid, so in spherics if a great circle roll on a small fixed circle, a point in its 
circumference will be the involute of the latter. This inyolute is rectifiable, as 
has been shown by Clairant and J. Bernouilli, and is its own polar curve. 

2. In cycloidal and trochoidal curves the radius of curvature and the evolutes 
are conveniently expressed in terms of the perpendicular and radius vector. 

Let p, 7 be the co-ordinates of the curve p’, 7” those of its evolute, p, p’ their 
radii of curvature. 

If p=f (7) denote the curve, then as in planimetry, sin? p’ =sin* 7 —sin? p, and 


since ©" P — sin r ©? cos 1” =cos 7 cos pt+sin p sin p 
sin 7 ds’ ; 
In differentiating, p, 7” remain constant, while 7, p vary. 
siny dr 
tan p= = 
cos p dp" 
(Mathematical Tripos Examination, Jan 17, 1882.) 
By eliminating from these four equations, the equation to the evolute, or con- 
versely to the involute, may be obtained. 
3. In the small circle p'=7” =a: hence the inyolute of the circle is defined by 
the equation 


sin’; — sin?» = sin?a. 
. . . T . 
Since the equation is unaltered, when tae and ua —r, are substituted for r 
_ 


and p, this epicyloid is its own polar curve. 
4. To find the involute of the involute of a small circle. 
By § 2 the relations of the co-ordinates are 
sin r dr 
cos p dp’ 
In this epicycloid by § 3, cos? r’ + sin? p’ = cos? a. 
_ The differential equation to its involute is 
sin* @=cos* r + sin? p—(cos r cos R+sin p sin R)*. 
To separate the variables, let p cos @=cos 7, p sin 6=sin p. 
p* (d 6)! =(p?—sin? a) {(d p)? + p? (4 8)?} 


cos 7’=cos 7 cos R+sin p sin R, where tan R= sin? p’ =sin? 7 — sin? p. 
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whence p s sin a= /(p*—sin?a). 
The integral of this equation defines the involute 


-1 
4=cosec an/(p?—sin® a) —cos (= sin a) 
After replacing the values of p, 6, this becomes ‘ : 
-1 /sin p\ _ BaD Ses Ora sina 
tan (— P) cosec dr/ (Cos* 7 + sin? p — cos? a) —cos~1/ (cos pete 

5. If sin a=}, or the cireumference of the rolling circle is double that of the fixed 
circle, the epicycloid is the spherical cubic with a triple focus and triple cyclic are. 

tan” y (tan 2— 4/3) + (tan «—4,/8)3 =0. 

6. The involute of a small circle is rectifiable. 

Si snp . dé oa 25 5B 
ince ——“ =sin x —— and sin? r—sin® p=sin? a. 
sin 7 ds » 
ds sin a=sin 7 dr, 
8 sin a=cos a—cos 7. 

The are varies as the distance of the moving point from the plane of the small 
circle. 

7. On the quadrature of areas enclosed by the involute of a small circle. 

Two spaces are selected, both bounded by the fixed circle and its involute ; but 
the third limit may be (1) the rolling great circle, or (2) the radius-vector of the 
moving point, 

In (1) an elemental area has been chosen by Clairant, which is comprised 
between the involute and two consecutive positions of the generating great circle. 

If 6 be the arc subtended at the fixed centre by the arc which has been 
traversed, and the equal length of the generating great circle, then 

@ sin a=q, cos r=COs a COs >. 


The area in (1) {a @ (cos a —cos 7") =cot a [a ob (1—cos p) =cot a (P—sin f). 


Clairant remarks that if from this area a spherical sector be subtracted with 
for its vertical angle, the remainder would be strictly quadrable. 


In (2) the area =cosec a | dr (cos a—cos 7) cosec” 7 sin? p 


=cot a (@—sin fd )—cos a tan —! (tan ¢ cosec a) + tan —! (sin cot a), 
since cos 7 =Ccos a cos d, sin p=cos a sin ¢d. 

From this area also, if a certain spherical sector be subtracted, the remainder is 
strictly quadrable. 

8. Bernouilli remarks that the apparent path of the sun’s centre is an epitro- 
choid, affiliated to the rectifiable epicycloid or involute of a small circle. 

‘If the sun were to move in the ecliptic with a velocity equal to that which 
the tropic of Capricorn has to execute the diurnal motion, and so the time of a 
revolution of the sun in the ecliptic were to the time of revolution of the sphere, 
which constitutes the length of the natural day, in the same ratio which the radius 
of the ecliptic (or of the sphere) bears to the radius of the tropic as 1: cos 28°30’, 
the centre of the sun would exactly describe a rectifiable epicycloid. But as the 
sun has its proper motion in the ecliptic much slower, the line which the centre of 
the sun describes between the two tropics during the space of a year by the com- 
bined common and proper motion will be a cycloide allongée, rather than a spiral, 
under the form that Tycho conceived.’ : 

9. The preceding paragraphs are extracted in a condensed form from a memoir 
on spherical, cycloidal, and trochoidal curves, which will appear in the forthcoming 
number for October 1882 of the ‘ Quarterly Journal of Mathematics.’ 


8. On a Partial Differential Equation. By J.W.L. Guatsuer, M.A., F.R.S. 


In the British Association Report for 1878, p. 469,! it is shown that 
u=eWo"+) js a particular integral of the partial differential equation 


1 See also Phil. Trans. 1881, p. 774. 
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Bu fog h? dtu 
aa 8 = ae A . ‘ ‘ ok) 
and it is deduced from this result that the at differential equation 
oe eu= = pp, - ; . s 72) 
ad 


has for its complete integral, when p isa positive integer, w= AP+ BQ, where A 
and # are constants, and: iz and Q denote the coefficients of h'*! in the respective 
expansions of ew 4a) and e~avcP+2h) in ascending powers of h. 

The present note relates to the partial differentia equation (1), which is satis- 
fied by the three following values of w ; 


= hx ; 
w=) cosatd (=) dt . . c . : » (1) 
0 
Pris ie x cos at { : t? \ 2 
\ eb (a+ Be on hat Gy 
@ iales ha as 
u=| eo (+a )p ie ; . . . . » (iil.) 
0 


where ¢ denotes an arbitrary function. 
To verify that (i.) satisfies the differential equation (1), we find by differentia- 
tion that 


@u We du_(?  [eheo(a®—8t?) 9 _he AR? 
da? x" dh? J, |. (apes, (= +t? “Ey? at a a 


and, by a double integration of pre, 


au= [asin ae(, ie See aay ae lead e i 


Bs Qha(a? —3t?) . Ait? 
+ cooat| “arse ee i) (2 TE? (a ne) |e 


and the differential equation is therefore satisfied, subject only to the conditions 
that the integral (i.) is finite, and that the expression 


he Qhat ,,f hi 
asin at (237) ~° a a Coe way? (= a 


vanishes when taken between the limits 0 and 0. 
Similarly it can be shown that (ii.) satisfies the differential equation if the 
integral is finite and if 


ax sinat 22xt cos at i Goes = 2ht ae ih ee e 
{ eet tee o {a(- v }e +e o{ (<+5)} 
yanishes when taken between the limits 0 se oo of t. 
With regard to the integral (iii.), putting 


Ba oe 
w=t + 


Mui (? ~lawr 7q2y2 ha Qaha: ha ¥ 
ar], © [Ce -#)# Ce)" #(e) +9") Jo 
0 
au 0 ey dt; 
a H (=) 


pa 2° haw a hx Lae 
ee et). 


Integrating by Leite, we have 


Wikio ls aaron cl 


whence 
= 
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3fn[CE-8)* (2) +) 


and therefore the condition in order that the differential equation may be satisfied 


is that 
1 Spy ae Aa 
+ (# a) (F) 
must vanish when taken between the limits 0 and o of ¢, 
The integrals (i.), (ii.), (iii.) were derived from known forms of the solution of 
the differential equation (2) by the substitution of ne for p+1 and the use of 
t 


the formula 


a *H0)- = p(ah) 


9. Ona Theorem in Elliptic Functions. By J. W.L, Guatsuer, M.A., F.R.S. 
The main object of the paper is to give a proof of the theorem, that if 


n +2 n+4 
we pinta sn" '"U | pnp) SO" u Bode. 
nl. ni (n+2)!°"" (n+4)! 
then the R-coefficients are such that 
MN=lon?: al) 2? n—1d?n— > 
(2n—2)!k?—Isn? ly = R,Or—Visn u + ReOn-Y_—_ksnu... + Roi ——hsnu, 
du* du? 
(2n) , Jp2n) a ici 
9 2 Se in} (27) 7.2 2 Py 
(2n—1)!42"sn?"u = — Ro" + RY k?sn?u + ph sn*e. . + Ror meena 


where RY” is independent of w. 


This theorem is proved by Jacobi on pp. 125-127 of the ‘Fundamenta Nova ; 
but the following investigation is somewhat different. 


It is easy to show that if y= e**@™"*, then y satisfies the differential equation 
241 ay f 2 pe 
se JON ray Rear AC a 2) 9 9728 | OY 72, (0) 
{i (14+ H)a? + Mot | EY (14h )a—2i%08 | WY aty =0 
Let 
2 3 4 
y=1l+ Qa + Q%%, +Q + QF + &e., 


and substitute this expression for y in the differential equation; we thus obtain, by 
equating to zero the coefficient of 2”, 

Q@+) = {n?(1 +k?) + a?} Q™ — n(n—1)*(n— 2) Q"-? ; 
whence, since QY =a and Q® =a’, it follows that 


Qen—b — eG Re 3 + REN 2 + ROS ain} 
Q?” = R2¢? afc REM A + REM a6 ees Bea. 


the R-coefficients being certain functions of X°. 
Putting arg sn x =v, we have 


snv sn? sn3y 
5) LC) ates (2) (S)a 4 
ew=1+Q 7 +Q a +Q 3I + &e. : - (1) 
and therefore, expanding e® and writing for Q®, Q®... their values, 
ay oe aut <f = 
2! ar” & 
= 14a (sn 0+ ROS? 31 + ROE 1 + &e.) 


sn?v snty 
i (a (2) (6802 
tal oy + RS 7 + Rr Gy ue) 


‘ 
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snsy 
“3L 
+ &e., 


a v 


+03 + RY 


whence we have 

n v 
3! 
sn Vv 


v=snv+ RO 


n Sy 
a ‘6)—_—_—. 
+R + RO 6! 
ee &e. 

and generally 

vw" a sn”y po sn”t2y 

mtn! ™  (n+2)!° 
so that the R’s are the coefficients occurring in the 
ascending powers of snv, 

Now from (1) we have 


(ew — eget) — QMsnv + oer 


n 


+ Q® 


aun 


1 +Q5 


3 (er =: Cut) = 


d 
replace a by qu’ #0 let the function operated upon 


and sn*w in the second; then since 
» d 


e “p(u) = p(w +), 


we obtain the formule 


J 


sn7v 
+ RPT + &e. 


n+4 
tes Rory Se 
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) 


sn°v 
+ EP +&e., 


+ &e. 


(2 +4)! ee 


expansions of v, v?,v°. . . in 


ysn° v 
ay 


ae 


be sn zw in the first equation, 


] a a sn?v Q’ sn°v & 
+ } sn(w+v) —sn(u—v) = Q’Msnu,.snv + Q" snw.~3y > + snu. faye Cc. 


A 2 sn®v >, sntv 
3 sn?(w+v) +sn?(u—v) | =sn?w+ Q/@sn*u, iat Q'sn?u.—_ + &e., 
where Q’"-) and Q’@”) denote ene 

R ore d eee (2n—1) @° (n—1) "71 

1 +R, + R,, oieke —— 

du? 2n—-1 du2n-1 
and R, Qn) F +R Qn) @ Pe ep (2n) a" dé (2n) qd z 
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Therefore by integration 


3y 
af" i sn (w+v)—sn (u—v) | du = Q’HOk sn wusnv + Q’@K sn wu y +&¢, 
i) 
ufu 
if | i? | sn? (w+ v) + sn? ae sn *u i du du 
o (4) 4 
= Q”” ‘e sn 7u— apt Oe Q’ e sn 2u—R, | Sa 4 dic, 
where Q’(?-) and Q”@ denote respectively the operators 
BR +R, Gn) Pp enn at (env) Pn-* 
adits aa?” *en-ugyn . 
n rt q?n-2 
and R24 aes Re _ scary Re peer 
(3n) 
and &, denotes the value of 
(2n) d* (2n) d* (2n)q2n—2 
‘joe -_,k* sn 2u+ R, dae sn 7a... +R ae = 2k? sn 7 


when w is put equal to zero. 
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Now it can be shown that 
u 1+ik 
| k } sn (w+v) --sn (w—v) du =log aa 


ty) 
=2{ksnwusnv+ 3k sn °w sn 8v+2 A* sn °u sn °v + &e.}, 


uu 
| | ke sn? (w+v)+sn* (u—v)—2 sn 2u ! du du = —log (1—k* sn ?u sn *v) 
Oo 0 

=k? sn *u sn 2v+4 k*sn 4usn 4v+4 Kh sn Su sn %v + &e., 
so that by equating the coefficients involving sn ?"~'v and sn >"v we find that 


b2n—1 gyH2n—1 . 2n 
a Bw as ——— Q/en-) i sn u La at Q”’2” i? sn 2u— Rie l 
2n—1 (2n—1)! 4 zn (2n)! eae | 


whence 


ad k R i , dad R (2n—1) ¢2n—2 k 
In —2)! 2-1 gn 2-ly = Qn) 4 Po@n-l)__ ag ———— en ae 
( 2) 1 3 quit en-1 auin=2 


q2n-2 


(Qn—1)! A sn?" = (2 = Rew, +R™ 


4 
Gin an dun 


which are the equations written at the beginning of the paper. 
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WONDAY, AUGUST 28. 
The following Reports and Papers were read :— 


1. Fifteenth Report of the Committee on Underground Temperature, containing 
a Synopsis of all previous Reports of this Committee.—See Reports, p. 72. 


2. On the Origin of Hail. By Professor THEopoRE ScHWEDOFY. 


The size and weight of hail is frequently such as to cause all the usual theories 
as to the origin of hail in currents in the atmosphere to fail. 'The extreme lowness 
of their temperature forbids the idea that they are newly frozen. The researches of 
Abich, Secchi, Deleros, and others, leave no doubt that a hailstone is typically a 
figure of revolution, a sphere, oblate spheroid, discoid or toroid, often having hol- 
lowed poles and even annular. They are also frequently covered with large and 
well-developed crystals of clear ice. From these facts, Professor Schwedoff argues 
that they are of ultra-mundane or cosmical origin, and are in fact a species of 
meteorite. The strongest apparent confirmation of this hypothesis is to be found 
in the well-established fact of the existence of stony or pyritic nuclei in many 
hailstones, which nuclei have been proved to contain iron, nickel, &c. 


3. Notes on Schwedoff’s Theory of Hail. By Professor Sirvanus P. 
THOMPSON. 


(1) In confirmation of Schwedoff’s views as to the typical form of hailstone 
being a figure of revolution, examples were cited from the observations of Darwin, 
Humboldt, Buist, Blanford, Blanchet, Colladon, Godefroy, and Loomis. The 
conical or. pyramidal forms recently described as typical, by Professor Osborne 
Reynolds, could only be regarded as fragments broken from a spherical or spheroidal 
form of radial structure. 

(2) As to Schwedoff’s theory of a meteoric origin, this could, if accepted at all, 
only be accepted for certain cases of hail-falls. Becquerel had long ago divided 
hailstorms into ‘ordinary’ and ‘ extraordinary’; the latter being independent of 
local circumstances. If Schwedofi’s theory were true, there should be regular 
hailstone days and hailstone periods. Some evidence appeared to be forthcoming 
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of a definite periodicity in the occurrence of hailstorms. It might, moreover, be 
reasonably doubted whether the attraction of such small bodies was sufticient to 
prevent their disappearance by evaporation, supposing them to be capable of exist- 
ing outside the atmosphere of the earth. 


4. Second Report of the Convmittee on Meteoric Dust.—See Reports, p. 90. 


5. Sun Light and Sky Light at High Altitudes. By Captain W. pr W. 
Asnny, F.R.S. 


The author called attention to the fact that photographs taken at high altitudes 
show skies that are nearly black by comparison with bright objects projected against 
them; and he went on to show that the higher above the sea-level the observer 
went, the darker the sky really is, and the fainter the spectrum. In fact, the latter 
shows but little more than a band in the violet and ultra-violet at a height of 
8,500 feet, whilst at sea-level it shows nearly the whole photographic spectrum. 
The only reason of these must be particles of some reflecting matter from which 
sunlight is reflected. The author traces this to watery stuff of which nine-tenths 
is left behind at the altitude at which he worked. He then showed that the bright- 
ness of the ultra-violet of direct sunlight increased enormously the higher the 
observer went, but only to a point, for the spectrum suddenly terminated at about 
2,940 wave-lengths. This abrupt absorption was due to extra-atmospheric causes, 
and perhaps to space. The increase in brightness of the ultra-violet was such that 
the usually invisible rays L, M, and N could be distinctly seen, showing that the 
visibility of these rays depended on the intensity of the radiation. The red and 
ultra-red part of the spectrum was also considered. He showed that the absorption 
lines were present in undiminished force and numbers at this high altitude, thus 
placing their origin to extra-atmospheric causes. The B and A line he also stated 
could not be indubitably claimed as telluric lines, but might originate between the 
sun and our atmosphere, as they were as strong at the zenith as at the horizon 
at this altitude. The author confirmed the presence of derivative benzine and 
ethyl in the same region. He had found their presence indicated in the spectruin 
at sea-level, and found their absorption lines with undiminished intensity at 8,500 
feet. Thus, without much doubt, hydrocarbon must exist between our atmosphere 
and the sun, and, it may be, in space. 


6. On the Distribution of Energy in the Solar Spectrum. 
By Professor 8. P. Lancer. 


Of the whole solar energy nearly three-fourths, according to the author's 
measures, exists in the invisible portion below the red, yet of this great region very 
little is known, and of its extent upon the wave-length scale we are hitherto nearly 
ignorant. This ignorance arises from difficulties of research due to the compression 
of the infra-red end by the prism, and to the absence of means for separating and 
distinguishing individual rays in this crowded portion, or of determining their wave- 
length, since no law of connection between wave-lengths and indices of refraction 
ean be said to be known. 

The object of this communication is to present a map of the energy in this 
infra-red portion throughout its entire length, both on the prismatic and wave- 
length scale. 

These charts (exhibited) show the distribution of the solar energy through this 
hitherto little known region, both on the wave-length and on the prismatic scale. 
The measures have been made by means of the linear balometer (exhibited), and 
the wave-lengths determined by one of the new concave gratings devised by 
Professor Rowland (exhibited). The energies are proportional to the ordinates, 
and the approximate wave-length of each ray is given. 
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It appears that the longest wave of solar energy which passes through our 
atmosphere has a length of. about 0-0027mm., or in other words that the spectrum 
terminates near 27,000 of Angstrém’s scale. 

This investigation is supplementary to another, which is designed to give the 
total absorption of each ray both in the solar and terrestrial atmospheres, for by 
repeating these measures at great altitudes, and by comparing the absorption at 
the centre and limb of the sun, for each ray, we can demonstrate the fact that the 
solar photosphere seen witout any absorbing medium would appear deeply blue. 

The method of determining the actual colour of the sun (photosphere) by a 
special use of Maxwell's colour-discs will be indicated, the approximate result 
being that this colour is that of the spectrum F. Some conclusions affecting our 
customarily received opinions as to the nature of white light will be indicated. 


7. On a Similarity between Magnetical and Meteorvlogical Weather. 
By Professor Batrour Stewart, M.A., DD.D., £.R.S. 


It has been hitherto supposed that there is no traceable likeness between the 
magnetical and meteorological changes of the globe. The former have been 
imagined to be of a cosmical nature affecting all parts of the earth at the same 
moment of time, while the latter are well known to be of a local and progressive 
nature. As a matter of fact all attempts to trace a likeness between simultaneous 
magnetical and meteorological phenomena have been without success. 

There is, however, one class of magnetical phenomena that are of a progressive 
nature. I allude to the diurnal variations of the magnetic elements caused by the 
sun. Of these the solar-diurnal variation of the magnetic declination—that is to 
say, the variation of the position of a freely suspended magnetic needle, is that 
which has been most observed and is best understood. 

It has been noticed that the diurnal progress of this variation is not unlike that 
of atmospheric temperature, the hourly turning-points in both being pretty nearly 
the same. Both phenomena too are regulated by the local time at the place of 
observation, and hence are of a progressive nature, travelling with the sun in his 
apparent course from east to west. Both phenomena too are subject to a well- 
marked annual fluctuation—the diurnal temperature range, for instance, or the 
difference between the indication of the maximum and the minimum thermometers 
being greater in summer than in winter, and in like manner the diurnal declination- 
range or the difference between the east and the west positions of a suspended 
magnet being greater in summer than in winter. Finally both phenomena appear 
to be subject to the influence of something which may be called weather. Some- 
times we have very hot days and cold dry nights in which the diurnal temperature- 
range is very great, succeeded by close rainy weather in which the diurnal tempera- 
ture-oscillation is very small. In like manner we have sometimes a very large 
and at other times a comparatively small diurnal oscillation of the magnetic 
needle, so that it too is affected by the influence of magnetic weather. The 
question which I now wish to put is the following: Is there any connection 
between these two weathers ?—hetween temperature-range weather and between 
declination-range weather, both defined as above? Now there is, I think, pre- 
liminary evidence to show that both kinds of weather are due very greatly, if not 
altogether, to changes in the sun, a large declination-range and a large tempe- 
rature-range denoting an increase of solar power. There is also evidence that 
temperature-range weather once produced travels from west to east, taking 
probably, on an average, eight or nine days to cross the Atlantic. There is also, I 
think, preliminary evidence that declination-range weather travels likewise from 
west to east, but quicker than temperature-range weather, taking about two days 
to cross the Atlantic. Now if this be true it might be expected that the decli- 
nation-range weather of to-day should be found similar to the temperature-range 
weather six or seven days afterwards, so that by a study of the declination-range 
weather of to-day we should be able, with a certain measure of success, to predict 
the temperature-range weather six or seven days afterwards. 
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I have here giyen the train of thought which led to this investigation; but I 
ought to say that the results obtained do not depend upon the exact truth of every 
step of this train of reasoning. This is in reality a matter-of-fact investigation 
undertaken with the view of ascertaining whether or not there is any recognisable 
connection between these two weathers in Great Britain. The result obtained, I 
may add, was reported to the Solar Physics Committee, and by them communi- 
cated to the Royal Society. In order to avoid as much as possible the influence of 
locality I obtained, through the kindness of the Meteorological Council, the diurnal 
temperature-ranges at Stonyhurst, Kew, and Falmouth jor the years 1871 and 
1872. I obtained likewise, through the kindness of the Kew Committee, the 
diurnal ranges of magnetic declination at the Kew Observatory for the same two 
years, excluding disturbed observations. The temperature-ranges discussed are 
therefore the means of those at the three observatories above mentioned, and still 
further to tone down or equalise individual fluctuations the daily numbers ex- 
hibited are each the sum of four daily ranges, the two before and the two after. 
Finally, the object being to represent fluctuations of range rather than their 
absolute values, a daily series representing the mean of twenty-five daily numbers, 
has been obtained. Each daily number is thus compared with the mean of 
twenty-five daily numbers, both columns being symmetrically placed with regard 
to time, and the differences, whether positive or negative, between the two columns, 
is taken to represent temperature-range fluctuations. 

A precisely similar course has been taken with respect to the Kew declination 
ranges. 

By this means two years of daily numbers, sometimes positive and sometimes 
negative, representing temperature-range weather, and two years of daily numbers, 
sometimes positive and sometimes negative, representing declination-range weather, 
have been obtained. 

The next object is to compare these two series with one another. 

Now when two series of waves representing elevations and depressions come 
together, it is well known that we shall have the greatest result when the crests 
of the one series coincide with the crests of the other, and the smallest result— 
perhaps none at all—when the crests of the one series coincide with the hollows of 
the other. This, indeed, is the well-known explanation of musical beats. 

Now if there be any marked likeness between the two weathers, and if it be 
true that declination-range weather precedes temperature-weather, the algebraic 
sum of the two sets of fluctuations representing these weathers will be greatest 
when the declination is pushed forward in point of time, so that the declination 
fluctuation of to-day shall be summed up with the temperature fluctuation six or 
seven days after. For suppose that the declination fluctuation of to-day is repre- 
sented by a very large positive number; if the above theory be true, the temperature- 
fluctuation six or seven days afterwards will be represented by a large positive 
number also; so that we shall have the addition of two large positive numbers, 
whereas if we add the declination-weather of to-day to the temperature-weather 
of to-day it may chance that we are really adding a large positive to a large nega- 
tive quantity, in which case the result will be very small. fa | 

It may also happen that this amount of precedence of declination-weather is 
greater at one season of the year than at another. : 

We have therefore to pursue a plan somewhat of the following nature. Take a 
month's temperature-weather, say, for the month of August, and add to it a month’s 
declination-weather, extending, say, from July 21 to August 21; let the sum be 
262. Here the declination-month has been pushed forward eleven days ; next push 
it forward twelve days, and let the sum be 273; then thirteen days, and let the 
sum be 276; next, fourteen days, and let the sum be 270. It thus appears that 
the greatest sum is got by pushing the declination forward thirteen days, and we 
may therefore presume that at this season of the year thirteen days denotes the 
precedence of the declination weather. On this principle the following table has 
been constructed. 
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TABLE SHOWING BY HOW MANY Days THE DECLINATION-RANGE FLUCTUATION 
PRECEDES THE CORRESPONDING TEMPERATURE-RANGE FLUCTUATION. 


eeu SS 


Precedence of Declination 
Corresponding to middle of Month 
First Year | Second Year Mean 
| | 
January. - : ; i é — / 8 8 
February . : ; - : A 6 4 5 
March . ; = H < é : 6 | 5 55 
April . 3 : . ; 5 5 | 5 
May . F : . ; : $ 9 9 
June 6. 5 3 a 9 9 9 
July . A 12 Td 11°5 
August A : F F 13 13 13 
September . : . . . 9 10 9°5 
October : : : 7 5 6 
November . A : 2 - 10 fi 8-5 
December . 4 i. : 4 12 — ay 


It thus appears from each year that the precedence of declination is smallest 
about the equinoxes and greatest about the solstices, and it seems probable that 
were a considerable number of years so treated, more exact values would be 
obtained. 

Having thus determined the amount of precedence of the declination from 
month to month, the next point is to ascertain to what extent the two fluctuations, 
when brought together, in a manner regulated by this precedence, show any distinct 
resemblance to each other. This has been done in a graphical representation which 
accompanies the report above-mentioned, and I think I may say that there is a 
considerable likeness between the two curves, the one exhibiting temperature-range 
weather, and the other declination-range weather, so pushed forward. It would 
thus seem as if a comparison of magnetical and meteorological weather might be 
made a promising subject of inquiry, besides being one which may perhaps lead to 
results of practical importance. : 

8. On a supposed Connection between the Heights of Rivers, and the 
Number of Sun-spots on the Sun. By Professor Batrour STewarr, 
M.A., LL.D., FBS. 


While a connection between the state of the sun’s surface as regards spots, and 
the magnetic state of the earth may be considered as well-established, the fact of 
a connection between sun-spots and terrestrial meteorology is open to dispute. 
This question is still sub judice, and without attempting to assert the truth of such 
a connection, the following may perhaps be regarded as a slight contribution 
tending to throw light upon the subject. The heights of the rivers Elbe and Seine 
have already been examined by Fritz, who reported in favour of such a connection 
as would make a great height correspond to a large number of sun-spots, and all 
that I have done has been to treat the evidence in a somewhat different manner. 
I divide each sun-period, without regard to its exact length, into twelve portions 
(0) (1) (2) (8) &e., and put together the recorded river-heights corresponding in 
time to similar portions of consecutive sun-periods. I find by this means residual 
differences from the average representing the same law, whether we take the whole 
or either half of all the recorded observations, »nd whether we take the Elbe or 
the Seine. The results obtained are recorded in the following tables (0) denoting 
always the epoch of maximum sun-spots. 
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Table showing heights of Elbe. 
(05) (15) (25) (3:5) (4:5) (55) (65) (75) (85) (9:5) (105) (11°5). 


First 6. 
+ 0°85 + 1:00 + 1:64 + 1:25 + 0°52 — 0°38 — 0:82 —1°56 — 2:16 — 1-28 + 0:04 +. 0:90. 
Second 6. 


+ 3°21 + 4:55 + 2°89 + 0°78 — 1:38 — 2:03 — 1:07 — 0°48 — 1-68 — 2:93 — 2-68 + 0:81, 


Table showing heights of Seine. 
First 5. 
+ 1:84 + 1:57 + 1:25 — 0:02-0:54 + 0:09 — 0:26 — 0:82 — 2:07 — 1:56 — 0-21 + 0:73. 


Second 5. 

+ 1-07 + 1:75 + 0°79 —- 0°03 — 1-04 — 1:70-1:51 — 1:16 — 1:24-0:13 + 0:45 + 2°15, 

Without entering into minute particulars as to the details of the method by 
which these tables have been obtained, it may be stated that they exhibit an 
average oscillation in height something between a third and a quarter of a metre. 

It would appear from these tables that there is a maximum of river-height 
about the time of maximum sun-spots, and another subsidiary maximum about 
the time of minimum sun-spots. It is of interest to know whether the same 
behaviour is followed by the river Nile. Through the kindness of General Stone 
Pacha, and through the Science and Art Department, South Kensington, inform- 
ation has been obtained about this river. This information is of two kinds—one 
part of it refers to the yearly heights of the Nile, reckoned above the zero of the 
Cairo Nilometer, the other to the date of maximum rise. 

This information has been embodied in the following tables:— 


Yearly heights of the Nile. 


Year Height Year Height 
1849 . 3 - . 2180 1864 . . ; . 2475 
1850 . - ; . 2080 1865. : : . 2229 
1851 . ; é . 2077 1866 . : : . 2482 
1852 . 4 - . 2078 1867 . : 2 . 2208 
1853. : ; . 2434 1868 . : - - 2003 
1854 . C : . 2425 1869 . é : . 2284 
1855. : . . 2178 1870 . c : - 2701 
1856 . . é . 2141 1871 . : 7 % 92018 
1857 ; ¢ . . 2016 1872... , : . 2404 
1858. - ; . 1736 1875. - ; - 2142 
1859 . . : . 1766 1874 . - ° - 2317 
1860 . c : . 2098 1875 . - . 2463 
1861 . 3 : . 2368 1876 . 5 - . 2541 
1862 . : : . 2574 EVA ae é : . 1981 
1863. - , . 2765 1878 . - : . 2290 

Table giving dates of maximum height of Nile, reckoned from beginning of 

September. 

Mean of years Date of maximum Mean of years Date of maximum 
1849-1850. : . 64 1864-1865 . ° q 
1850-1851. : . 64 1865-1866. é oe 
1851-1852, mi - 68 1866-1867 : . 38 
1852-1853 : - 60 1867-1868 : worl 
1853-1854. : re68 1868-1869. 5 . 62 
1854-1855. : . 48 1869-1870. ‘ . 96 
1855-1856. : - 43 1870-1871. - . 100 
1856-1857. : sn 37 1871-1872. : a7 449) 
1857-1858. ‘ . 10 1872-1873. ; . 22 
1858-1859 s 52 iil 1873-1874, : . 3d 
1859-1860. ; . 116 1874-1875, : . 88 
1860-1861  . 5 #780 1875-1876. F . 8&2 
1861-1862. . 84 1876-1877. : . 3l 
1862-1863, . . 89 1877-1878 : . 40 


1863-1864 . 5 yal 
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It will be seen from the first of these two Nile tables, that we have maximum 
heights at 1863 and 1871, years shortly after the epoch of maximum sun-spots, 
also, subsidiary maxima at 1853, 1866, and 1876, years near the epoch of mini- 
mum sun-spots. So far, then, the Nile agrees with the European rivers in showing 
a maximum of height about the time of maximum sun-spots, and a subsidiary 
maximum about the time of minimum sun-spots, only this subsidiary maximum 
is greater than for the European rivers already named. 

From the second Nile table it will be seen that the date of maximum heights 
appears to be latest on those years for which the yearly height is greatest, so that 
if we plot curves from the two tables, these curves will be found to be very like 
each other. Now the present year is perhaps not very far removed from a 
solar maximum, and I am thus induced to think that the Nile may this year 
be somewhat late in attaining its maximum rise. 


TUESDAY, AUGUST 29. 
The following Report and Papers were read :— 


1. Report of the Committee for constructing and issuing practical Standards 
for use in Electrical Measwrements.—See Reports, p. 70. 


2. Suggestions regarding the Extension of the Practical System of Units. 
By Dr. C. W. Siemens, F.R.S. 


3. On a new Form of Galvanometer for Measuring Currents and Potentials 
im Absolute Units. By Professor Sir Winu1aM THomson, F.R.S. 


4. On Electric Meters. By C. Vernon Boys. 


The electric meters to which attention is drawn are the energy meter and the 
vibrating current meter. The first gives the amount of energy expended by an 
electric current in any portion of a circuit during a time, the second gives the 
quantity of electricity that has passed in a conductor during a time. As the first 
is fully described in the ‘ Phil. Mag.’ of February 1882, I do not propose to describe 
it at length. It consists essentially of two parts—an indicator, showing the rate at 
which electric energy is being expended at a time, and an integrator, to sum these 
indications. 

The indicator depends on the principle that the force exerted between two con- 
ductors—one conveying the main, and the other, of high resistance, carrying a shunt 
current—is proportional to the energy expended by the current between the points 
to which the shunt is connected. The shunt circuit consists of a movable solenoid, 
wound with a great length of fine wire, the upper half in one direction, and the 
lower half in the opposite direction. This is suspended in the annular space between 
two fixed solenoids, through each of which the main current passes in the same 
direction, so that the upper half is drawn in and the lower pushed away from the 
fixed coils. It is suspended from one end of a beam, and balanced with a counter- 
weight, and the motion of the beam is resisted by a pendulum-weight. Under these 
conditions the tangent of the inclination of the beam is proportional to the energy 
of the current, which may therefore be read off on a straight scale of equal parts. 
This construction, as I have shown in the paper referred to, absolutely eliminates 
inequalities due to the movement of the coils. 

The integrating mechanism, which automatically sums the readings given by 
the indicator, is a development of the ‘cart’ integrator described in the ‘ Phil, 
Mag.’ of May 1881. This instrument is an exact mechanical equivalent of the 
mathematical principle of integration, which it illustrates most perfectly. Though 
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not convenient for practical purposes, it gave rise to the disc-cylinder integrator, 
which is all that can be desired. This consists of a cylinder which is moved longi- 
tudinally along its axis, while its surface is in contact with a disc. If the plane of 
the dise is parallel to the axis of the cylinder, the latter will not rotate when moved 
longitudinally ; if inclined, the revolution of the cylinder will be proportional to the 
tangent of such inclination x the longitudinal movement. During the return stroke 
of the cylinder, its surface must rest against a disc on the opposite side, that the 
revolution may continue in the same direction. The double change of movement 
is effected by a ‘ mangle-motion,’ driven by clockwork, and the inclination of the 
dises by the beam of the indicator. The number of revolutions of the cylinder will 
then be a measure of the total energy expended. The author felt bound to 
mention that Professor Abdank Abakanowicz had previously invented an inte- 
grator depending on the same mathematical principles, but, so far as he could learn, 
had not applied them to practical purposes. The author had been accused, not by 
Professor Abakanowicz, but by others, of pirating his invention; but, as he had 
never heard of it till he had completed his own, he was innocent of such a charge. 

Besides the simple integrator already explained, he described a series of machines 
by which squares, products, quotients, and reciprocals may be directly integrated ; 
among them is a polar planimeter, which is an exact mechanical translation of the 
polar expression, } /r°d6; but, as he had not yet applied them to practical purposes, 
he did no more than allude to them. For the same reason he referred only to the 
apparatus for calculating efficiency ; z.e. apparatus that will automatically divide the 
speeds with which two integrals are growing one into the other and continuously 
record the quotient. 

Of the vibrating electric meter it is not possible to give an account in the space 
of this abstract. 


5. On a new Electrical Contact Maker. By Professor H. S. Heir Suaw. 


The author first called attention to the want of an absolutely reliable, and at the 
same time sufficiently sensitive, electrical contact-maker. Such an instrument is 
often required to measure or control the relative motion of bodies in conjunction 
with delicate clockwork. He then proceeded to discuss the ways in which such 
contact may be made. In theory, there really is no distinction in the modes of 
doing this, but practically they may be separated into— 

(1) Relative motion of the two terminal surfaces, normal to both. 

(2) Motion tangential to both. 

(3) Motion compounded of these two. 

; These modes were separately discussed, and also the various objections with all 
_ when solid terminals are used. The use of a liquid terminal, with which the other 
terminal, being solid, is brought into contact, obviates most of these objections. 
Of all liquids, mercury is the only one which can practically be employed. There 
are, however, two objections to its use which have prevented its being hitherto 
adopted for more than temporary and experimental purposes. These are:— 

(1) The fact that it readily combines with oxygen on the passage of the 
electric spark. 

(2) The difficulty of making a contact-maker of this kind portable. 

The earliest form of instrument in which the author had endeavoured to oyer- 
come these difficulties, was then shown on a diagram and described. Its principle 
of action is briefly this. A short glass tube, closed at the upper end (such as an 
inverted test-tube), is filled with mercury, and inverted in a vessel of mercury. 
The mercury in the tube is then partially displaced by hydrogen gas. A very light 
bent lever, consisting of a platinum wire, passes through the mercury into the 
gaseous space, and there makes contact between the mercury below, and a smaller 

uantity of mercury in an insulated capsule above the other portion, but within the 
tube. This lever works on a pivot, being actuated from the outside by the escape- 
ent of an ordinary clock, and is extremely sensitive in its action. The positive 
and negative poles of the terminals are respectively connected with the mercury in 
the capsule and that in the vessel below. It is evident that, although the lever is 
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always in electrical contact with the latter, the circuit is only completed when it is 
brought into contact with the former. Accounts of experiments showing the satis- 
factory action with this apparatus were then given. Finally, the most recent form of 
apparatus which is portable was illustrated and described. 


6. On a Machine for ruling large Diffraction Gratings. 
By A. Mattock. 


Considerable interest attaches to the rulisg of diffraction gratings, both on 
account of the mechanical difficulties involved in their production, as well as the 
admirable results which are obtained by their means when used for the purpose of 
analysing light. 

The author did not intend to enter into the general theory of diffraction grat- 
ings, further than was necessary to point out the kind of accuracy which must be 
attained in ruling them if they are to give anything approaching the best results ; 
but merely to give a short description of a machine made by him for the production 
of large gratings, and to mention some of the results obtained by it. 

In all optical apparatus, whether lenses, prisms, mirrors, or diffraction gratings, 
the unit of length in which errors or deviation from the form or position of lines 
must be reckoned, is the wave-length of the light dealt with, and it has been shown 
by Lord Rayleigh, and is indeed tolerably obvious when once pointed out, that if, 
as is generally the case, the object of an optical surface is to cause the whole of a 
wave-front of finite area to reach a certain point in the same phase, a result not 
differing much from the best possible will be obtained, if the errors of the surface are 
such as not to cause an average disagreement of phase of more than one-fourth of a 
wave-length at the focal point. 

The actual value of the permissible error indicated by the above condition is, 
for nearly perpendicular refraction and. reflection, in glass about half a wave- 
length, and in mirrors about one-eighth of a wave-length. For further informa- 
tion on these points, the reader is referred to papers by Lord Rayleigh in the ‘ Phi- 
losophical Magazine’ (October and December 1879, and January 1880). The 
surfaces on which diffraction gratings are ruled should have an accuracy of this 
kind, and the accuracy with which the lines of the grating are placed should be such 
that the projection of their errors of position on the path of the diffracted ray should 
not be greater than one-fourth of a wave-length for the first spectrum, or + for the 


nth spectrum, if the performance of the grating in that order of spectrum is to 
approach perfection. 

These remarks apply when the angle between the incident and diffracted ray is not 
very large, i.e. when the distance between the lines is a considerable multiple of the 
wave-length. In the limiting case in which a diffraction spectrum can be formed, 
which is when the lines are only separated by one-half a wave-length, the permis- 
sible error in their position becomes, as in case of mirrors, one-eighth of a wave-length. 

The definition of a grating depends, ceteris paribus, on its width, in the same 
way that that of a telescope depends on the diameter of the object-glass. It is 
very doubtful if any optical work hitherto produced approaches the extreme exact- 
ness which one-eighth wave-length error indicates, but the above remarks show 
at any rate that a very high order of accuracy is required in order to produce 
effective diffraction gratings. The author proceeded to describe the principles 
adopted in his machine by which this accuracy is intended to be secured. 

Most of the sketches for the machine were made during the years 1876-78. At 
the close of 1878 the author made an application to the Government Grant Com- 
mittee of the Royal Society for aid in the construction of the machine, and this 
being favourably received, the working drawings were put in the hands of Mr. 
W. R. Munro, of King’s Cross Road, in 1879. 

The machine was completed at the close of last: year, and some good results have 
been obtained by it. The chief difficulty experienced, and one which continues 
to give trouble, is of a very commonplace kind, viz., that of getting a suitable 
motor, which will go for several weeks without very constant attention, and aboye 
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all without stopping, water power unfortunately not being available in the place 
where the machine has been erected. 

Up to the time when this machine was commenced, no diffraction grating had 
been ruled larger than 2 inches square, and but few as large as this. The new 
machine was designed to rule 6 inches square, but can if required rule 6} x 63. 
Professor Rouland’s machine, which seems to have given suck good results in America, 
will, the author believed, rule 6” x 4”. 

In describing his ruling apparatus it will be convenient to take the various 
parts in the following order:—(1) The screw and nut; (2) The platform which 
supports the grating; (3) The tool carriage; (4) The means employed for turning 
the screw. These four divisions constitute the ruling machine proper ; besides these, 
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however, there is, on a separate support, (5) the driving machinery which works the 
ruling machine, performing all the necessary operations automatically. 

Fig. 1 is a diagrammatic plan of the ruling machine and driving machinery. 

I, A perfect screw of any considerable length is a thing which, it has been 
considered, is almost impossible to produce. 

A screw in general has four kinds of errors which are easily measurable. (1) 
Eccentricity or want of straightness in the axis; (2) Gradual variation of pitch 
extending over considerable lengths; (8) A periodic variation of pitch of the same 
length as the pitch of the leading screw of the lathe in which it was cut; (4, 
which is perhaps the most important), A periodic error which recurs at each thread. 
In dividing engines, as ordinarily made, the nut is rigidly attached to the platform 
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which holds the object to be divided, and in this case the first and last-mentioned 
errors conspire to produce a periodic irregularity in the motion of the platform 
recurring at each revolution of the screw. 

If, however, the nut itself be left free to take any position which it likes, subject 
only to the condition of not turning round with the screw, the effect of these two 
errors is to cause the axis of the nut to describe a cone about the axis of the screw, 
and the forward motion of the apex of this cone is free from the periodic error in 

uestion. 
If, then, the nut be held in gymbals, which is in effect to hold it by a point in 
its axis, and the motion of the nut be communicated to the platform through the 
gymballing, the error depending on the pitch of the screw does not appear in the 
motion of the platform. 

This plan has been carried out in the ruling machine. Fig. 2 shows a per- 
spective sketch of the screw, nut, gymbals, rings, and pushing piece which connects 
the nut with the sliding platform. 

The pushing piece has a spherical projection at E which fits into a spherical 
cavity in the end of the platform. 

It will be seen that if it were not for the arm F, the nut together with the push- 
ing piece would be capable of turning round with the screw. This arm, which can 

pivot freely about the axis yy’, rests on 

Pict os a guide G, parallel to the axis of the 

screw, and is continually held at right 

angles to the screw by means of a pair 

of jaws, which are carried along by a 

screw A’, of the same pitch as, and turn- 
ing simultaneously with, A. 

If the screw were perfect, the guide 
on which the ends of the arm F rest 
ought evidently to be a straight line, but 
if the errors of the pitch are known, the 
guide can be so shaped as to make the 
advance of the nut equal to what it 
would be if the screw were perfect and 
the guide straight. 

If the nut is more than half as long again as the pitch of the leading screw 
of the lathe, errors of the third kind will not matter. 

It was needless to state in detail the means by which the errors of the screw were 
measured, but they were made with considerable care, and he did not think any 
variation in pitch exceeding ;;4,; inch could have escaped detection. 

The screw itself had an error of about 5:4, inch in its length, that is to say, at 


one part the threads were ;1; inch distant from the position which they should 
have had, had the pitch been uniform throughout. 

Ii. The platform on which the grating rests while being ruled is a plate of 
cast iron which rests on a plane, P P P, at three points or rather small surfaces, and 
is touched by a straight edge, SS, at two. This five-point contact ensures motion 
in a straight line. It will be observed that owing to the method employed to con- 
nect the nut and platform, it is not necessary that the direction of motion of the 
latter should be more than approximately parallel to the axis of the screw. 

Through the platform pass three vertically adjustable studs, ,, 6,,6,, on which 
the grating rests, and from one side of the platform one, and from an adjacent side 
two, cast iron ears, \,, Aj, project, against which the sides of the grating are pressed 
by screws from the sides opposite. 

III. The tool carriage, ¢, fig. 1, which is a very rigid girder of cast iron, is 
guided much in the same way as the platform. 

The tool-holder itself, m, is supported on bearings hk, k’, which permit the 
tool to be raised or lowered on the gratings. The tool, ¢, has besides independent 
vertical and azimuthal adjustments in the tool-holder. 

IV. In order to rule lines at equal intervals the screw has to be turned through 
a constant angle between the ruling of each line. 
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To effect this the following plan has been adopted with success. 
_ On one end of the screw a wheel, W, six inches in diameter, with a smooth 
edge, is fixed, and in the continuation of the axis of the screw behind the dead- 
centre, L, the hollow axis, D, held in rigid bearings bolted on the bed of the 
machine, carries the iron casting, N. N contains what may be described as an 
artificial hand, of which the finger and thumb, c c’, when tightened, close on a 
diameter of the wheel W. The end of the lever, N’, is actuated, through a 
connecting rod, by an adjustable crank, Q, fig. 1, and suitable mechanism removes 
finger and thumb from the periphery of the wheel during one-half of the revo- 
lution of the crank, and tightens them on it during the other half. This causes 
the ony to turn round by a definite amount at each complete revolution of the 
crank. 

He had now to mention the means employed to make this rotation independent 
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of the various errors of workmanship which are sure to be present in such a con- 
trivance. 
_ Inthe first place, no strain on the dead-centre support of the screw should 
result from the pressure of the ‘hand,’ nor should any slight eccentricity of the 
wheel affect the amount of the rotation. This is ensured by the arrangement of 
the levers which open and close the finger, shown in fig. 8. The inner end of the 
levers, cc’, terminate in front of the hollow axis, D. <A rod, R, passing through 
D carries a cross head, /,, capable of pivoting through a small are about /, in 
the plane of the levers, c,c’. Links, /, /;, connect the ends of the cross-head 
with those of the levers; thus the backwards or forwards movement of the rod, R, 
in the hollow axis settles the distance between the jaws of c, c’, but not their 
absolute lateral position, and the equality of the lengths of the levers and arms of 
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the cross-head ensure that the forces with which ¢ and c’ press on any object 
nipped between them shall be equal. 

Thus any eccentricity of wheel will not prevent both ¢ and c’ from acting 
on it, and since they both press with equal force, no strain will be exerted on the 
dead-centre support, L. 

If the axis of D is absolutely coincident with that of the screw, the angle 
through which the screw is turned is simply (since, when the hand closes on the 
wheel, it practically becomes part of it) the are through which D is turned by 
the motion of the crank ; but suppose the axes are not coincident, but are separated 
by a distance e, having a component ¢’ in the mean plane of the levers cc’, 
the circumferential motion of ¢ is a(7+e’), and of c’ a(r—e’), where a is the 
angular motion given to D by the crank, and small. As both ec and ec’ try to 
impress their own motion on the rim of the wheel, slipping must occur at one or 
the other, but at which, if both jaws are madealike, it would be impossible to say. 
To avoid this uncertainty, ¢ is made a roller having its axis when closed on the 
wheel parallel to that of the screw. It then becomes certain that if any slipping 
occur from the want of coimcidence in the axes of D and the screw, it will 
take place only atc’, and the angle through which the screw is turned at each 


Ul , where R is the length of N’. 
——€, 


The above description touches on most of the important points in the machine, 
although there still remain many details and precautions against errors of various 
kinds, which, though very necessary to the working of the instrument, it would be 
tedious to describe at length. 

The leading objects which the author had in view in making the designs, and 
which he believed to be very important in all work where a high degree of 
accuracy is required, were— 

1. To supply the necessary and sufficient conditions only to determine the 
motion of each part. 

2. To arrange that, where possible, errors of the first order in the workmanship 
should only produce errors of the second order in the results. 

3. To allow the workman to concentrate his attention on the fulfilment of one 
condition only to the highest degree of accuracy in each part, and that where one 
or more other conditions have to be fulfilled by the same part, a lower order of 
accuracy should be sufficient for them. For instance, in the guidance of the 
platform which holds the grating, the most important condition is that the straight 
edge which guides it should be really straight, and this must be fulfilled with the 
utmost accuracy which good workmanship can attain; it is also requisite that 
the straight edge should be parallel to the axis of the screw, but this condition, 
owing to the nature of the connection between the nut and the platform, need 
only be satisfied approximately. 

The action of the driving machinery can best be indicated by the diagram, 
fig. 4, of the operations which it performs during the ruling of one line. The 
variety of operations there shown necessarily make the mechanism a little 
complicated, and the author would only describe that part of it which com- 
municates the reciprocating motion to the tool carriage. The conditions which 
the reciprocating motion must fulfil are, (1) that the force applied to the tool 
carriage must be constant in direction ; (2) that the velocity should be constant 
during the whole time that the tool is cutting; (3) that there should be no shock 
or jerk when the motion is reversed. 

From either end of the tool carriage, fig. 5, steel bands pass over the wheels 
B ce, and that which passes over ¢ is brought back to a wheel B’ similar to B, and 
on the same axis; the axis is fixed, and B and W’ revolve independently on it. 

Teeth are cut on the flanges of B and B’ which gear with those on the larger 
wheel, D. 

D is practically two wheels joined together, rather more than half the cireum- 
ference of each being bare of teeth. The toothed portions of D engage alternately 
with Band B’. D, when in gear with B, winds the steel band on to B and off B’, 
and vice versd, the tool carriage being drawn backwards and forwards in the process, 


revolution of the crank becomes a 
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To avoid any shock in starting or reversing, the cams d, b on D and B, which 
are in reality the halves of a large pair of teeth, have their curves so calculated 
that, when they engage, D communicates uniform angular acceleration by rolling 
contact to B, until the velocity of the latter is to that of the former as the pitch 


Fie. 4.—Showing the operations performed by the driving machinery while ruling 


one line of the diffraction grating. 
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circles of D and B, when the cams separate, leaving the ordinary teeth in gear, 
There are of course a similar pair of cams on B/ and the opposite side of D. ; 

Cams of the same type are used for starting the intermittent motion which has 
to be given to the adjustable crank, Q, fig. 1. 

The whole of the mechanism has worked without any kind of hitch from the 
beginning. 

‘As to the results obtained, the author had hitherto, on account of not having a 
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satisfactory motor, confined himself to ruling coarse gratings of from 2,000 to 4,000 
lines per inch, the largest: which he had ruled up to the present time being about 

1 inches square, with about 2,800 lines per inch. This grating gives very fair 
results, considering that it is ruled on plate glass not specially worked, but only 
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picked for uniformity of curvature. Occasionally, with a favourable adjustment, 
he had divided 6, with it in the fifth spectrum ; to do this the vertical aperture had 
to be diminished, but not the horizontal. 

He did not know what the limit to the closeness of ruling which can be performed 
by the machine is, but it depends more on the diamond and the surface ruled on 
than anything else. He had had no difficulty in ruling small areas with 100,000 
lines per inch, and although he had no microscope objective which would show lines 
as close as this, their presence could be detected by the blue gleam of the light 
diffracted by them when held very obliquely in the sunlight. 

At the rate at which he had hitherto worked the machine, viz., about 4 lines 
per minute, it would take several weeks to rule a 6” grating of 20,000 lines per 
inch, and in view of these Jong periods, during which the temperature of the 
machine ought not to vary, it has been placed in a double room, one completely 
enclosed within the other, and apparatus added for automatically keeping the 
temperature constant. 

Nelf-registering thermometers which record the temperature of the machine 
room and the outer air show that even when the latter varies from 15° to 18° 
Fahr., the former does not vary more than two or three tenths; a result which he 
thought may be considered very satisfactory. 

He hoped, however, to be able to increase the speed of working very consider- 
ably, the limit to which can of course only be found by trial. 


7. A Numerical Estimate of the Rigidity of the Earth. 
By G. H. Darwin, F.R.S. 


About fifteen years ago Sir William Thomson pointed out that, however it be 
constituted, the body of the earth must of necessity yield to the tidal forces due ta 
the attraction of the sun and moon, and he discussed the rigidity of the earth 
on the hypothesis that it is an elastic body. 

If the solid earth were to yield as much as a perfect fluid to these forces, the 
tides in an ocean on its surface would necessarily be evanescent, and if the yielding 
be of smaller amount, but still sensible, there must be a sensible reduction in the 
height of the oceanic tides. 

Sir William Thomson appealed to the universal existence of oceanic tides of 
considerable height as a proof that the earth, as a whole, possesses a high degree of 
rigidity, and maintained that the previously received geological hypothesis of a 
fluid interior was untenable. At the same time he suggested that careful observa- 
tion would afford a means of arriving at a numerical estimate of the average: 
modulus of rigidity of the earth’s mass as a whole. The semidiurnal and diurnal 
tides present phenomena of such complexity, that it is quite beyond the power of 
mathematics to calculate what these heights would be, if the earth’s mass were 
absolutely unyielding. But the tides of long period are nearly free from the 
dynamical influences which render those of short period so intractable to calculation, 
and must in fact nearly follow the laws of the ‘ equilibrium theory.’ 

In 1867 it was not, however, even definitely known whether or not the tides of 
long period were of sensible height at any station. Although there has been a con-- 
tinual advance in the knowledge of tidal phenomena since that time, it is only 
within the last year that there is a sufficient accumulation of tidal observations, 
properly reduced by harmonic analysis, to make it possible to carry out Sir William 
Thomson’s suggestion. The great advances in knowledge that have been recently 
made are principally due to the adoption of systematic tidal observation at a great 
number of stations by the Indian Government. The results of these observations 
are now being issued yearly by the Secretary of State for India in the form of tide- 
tables for the principal Indian ports. The author had had the pleasure of carrying 
out the examination of the tidal records, and a detailed account of the work will 
appear at § 848 of the new edition of Thomson and Tait’s ‘ Natural Philosophy,” 
now in the press. 

The tides chosen for discussion were the lunar fortnightly declinational tide, 
and the lunar monthly elliptic tide. These tides must be free from the meteoro- 
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logical disturbances which make the heights of all the solar tides quite beyond pre- 
diction. The fortnightly and monthly tides consist in an alternate increase and 
diminution of the ellipticity of the elliptic spheroid of which the sea-level (after 
elimination of the tidal oscillations of short period) forms a part. There are two 
parallels of latitude, respectively north and south of the equator, which are nodal 
lines, along which the water neither rises nor falls. When, in the northern hemi- 
sphere, the water is highest to the north of the nodal line of evanescent tide, it is 
lowest to the south of it, and vice versd; and the like is true of the southern 
hemisphere. If the ocean covered the whole earth the nodal lines would be in 
latitudes 35° 16’ N. and 8. (at which latitudes 4—sin* Jat, vanishes); but when 
the existence of land is taken into consideration, the nodal latitudes are shifted. 
Now according to Sir William Thomson’s amended equilibrium theory of the tides, 
the shifting of the nodal latitudes depends on a certain definite integral, whose 
limits are determined by the distribution of land on the earth’s surface. 

For the purpose of examining the tidal records, it was therefore first necessary to 
evaluate this integral. Approximation is of course unavoidable, and for that end 
the irregular contours of the continents were replaced by meridians and parallels of 
latitude, and the integral evaluated by quadrature. This procedure will give 
results quite accurate enough for practical purposes. It appeared as the result of 
the quadrature that, if we assume the existence of a large antarctic continent, the 
latitude of evanescent tide is 34° 40’, and if there is no such continent it is 34° 57’. 
merce the displacement of the nodal latitudes due to the existence of land is very 
small, 

This point having been settled, the mathematical expressions for the fortnightly 
and monthly tides are completely determinate, according to the equilibrium theory, 
with no yielding of the earth’s mass. 

If there is yielding of the earth, either with perfect or imperfect elasticity, and 
with frictional resistance to the motion of the water, the height of tide and the 
time of high-water must depart from the laws assigned by the equilibrium theory. 
This conclusion may also be stated in another way, which is more convenient for 
practical purposes ; for we may say that at any station there must actually be a 
tide with a height equal to some fraction of the full equilibrium height and 
with high-water exactly at the theoretical time, and a second tide, of exactly the 
same nature, with a height equal to some other fraction of the equilibrium height, 
but differing in the time of high-water by a quarter-period from the theoretical 
time—viz. about three-and-a-half days for the fortnightly and a week for the 

_ monthly tide. These two tides may, according to geometrical analogy, be called 
_ perpendicular component tides. According to the theory of the composition of 
_ harmonic motions, the two components may be compounded into a single tide, with 
_ time of high-water occurring within a half-period of the theoretical time ; and this 
_ is the way in which the results of elastic yielding and frictional resistance were first 
_ stated above. Thus the actual tide at any station involves two unknown fractions, 
x and y, being the factors by which two components, each of the full theoretical 
height, are to be multiplied in order to give the two components in proper amount 
to represent the reality. 

If the equilibrium theory is fulfilled without sensible elastic yielding of the 
_ earth, the first component has its full value, or x is equal to one, and the second 
component vanishes, or y is zero. If fluid friction exercises a sensible influence, y 
_ will have a sensible value; and if the solid earth yields tidally, 2 will be less than 
unity. The amount of elastic yielding, and hence the average modulus of elasticity 
of the whole earth may be computed from the value of 2. After rejecting the ob- 
servations made at certain stations for sufficient reasons, the author obtained from 
he Tidal Reports of the British Association and from the Indian Tide Tables, the 
results of thirty-three years of observation, made at fourteen different ports in 
England, France, and India. 

These results, when properly reduced, gave thirty-three equations for the 2 and 
thirty-three for the y of the fortnightly tide, and similarly thirty-three for the x 
-< thirty-three for the y of the monthly tide; in all 182 equations for four 
unknowns. 
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The x and y of the two classes of tide were in the first instance regarded as 
distinct, but the manner in which they arise shows that it is legitimate to regard 
them as identical, and thus we have sixty-six equations for x and sixty-six for y. 

The equations were then reduced by the method of least squares, with the 
following results :— 

For the fortnightly tide— 

wv ='675 +056, y = "020 + ‘055, 


And for the monthly tide— 
2 = 680 + ‘258, y =:090 +218. 


The numbers given with alternative signs are the probable errors. 

The very close agreement between the x and y for the two tides is probably 
somewhat due to chance. 

The smallness of the two y's is satisfactory; for, as above stated, if the 
equilibrium theory were true, they should vanish. Moreover, the signs are in 
agreement with what they should be, if friction is a sensible cause of tidal 
retardation. But considering the magnitude of the probable errors, 1t 1s of course 
more likely that the non-evanescence of the y’s is due to errors of observation 
or to the method of reduction. ; 

The author had already submitted to the British Association at this meeting a 
paper on a misprint, discovered by Professor Adams, in the Tidal Report for 1872. 
This report forms the basis of the method of harmonic analysis which has been 
employed in the reduction of the tidal observations, and it appears that the 
erroneous formula has been systematically used. The Jarge probable error in the 
value of the monthly tide may most probably be reduced by a correct treatment 
of the original tidal records. 

It has been already remarked that it is legitimate to combine all the observa- 
tions together, for both sorts of tide, and thus to obtain a single v and y from 
sixty-six years of observation. Carrying out this idea he found :— 


a= "676 +076, y = "029 + 065. 


These results really seem to present evidence of a tidal yielding of the earth’s 
mass, and the value of the x is such as to show that the effective rigidity of the 
whole earth is about equal to that of steel. 

But this result is open to some doubt for the following reason :— 

Taking only the Indian results (forty-eight years in all), which are much more 
consistent than the English ones, he found 

xv='931 + '056, y =1155 + ‘068. 

We thus see that the more consistent observations seem to bring out the tides 
mre nearly to their theoretical equilibrium values with no elastic yielding of the 
solid, 

It is to be observed however that the Indian results being confined within a 
narrow range of latitude give (especially when we consider the absence of minute 
accuracy in his evaluation of the definite integral) a less searching test for the 
elastic yielding than a combination of results from all latitudes. 

On the whole we may fairly conclude that, whilst there is some evidence of a 
tidal yielding of the earth’s mass, that yielding is certainly small, and that the 
effective rigidity is at least as great as that of steel. 


8. On the Transmission of Force through an Elastic Solid. By Professor 
Sir Witiram Tomson, F'.R.S. 


9. On a Method of investigating Magnetic Susceptibility. By Professor 
Sir Wittiam THomson, /.R.S. 
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WEDNESDAY, AUGUST 30. ' 


The following Papers were read :-— 

1. On a Method of investigating eaperimentally the Absorption of Radiant 
Heut by Gases. By Professor Tair, Sec. R.S.H. (From a letter to 
Sir W. Thomson). 


There are grave objections, which have been only partially overcome, to almost 
all the processes hitherto employed for testing the diathermancy of vapours. These 
arise chiefly from condensation on some part of the apparatus. Thus when rock- 
salt is used, an absorbent surface-layer may be formed ; and, when the pile is used 
Without a plate of salt, the effect of radiant heat may be to cool it (the pile) by 
the evaporation of such a surface-film. 

Some time ago it occurred to me that ¢his part of the difficulty might be got rid 
of by dispensing with the pile, and measuring the amount of absorption by its 
effects on the volume and pressure of the gas or vapour itself. 

Only preliminary trials have as yet been made. They were carried out for me 
by Professor MacGregor and Mr. Lindsay. Their object was, jist, to find whether 
the method would work well ; second (when this was satisfactorily proved), to find 
the best furm and dimensions for the apparatus. 

The rough apparatus is merely a double cylinder, placed vertically, Cold water 
circulates in the jacket surrounding the curved surface and 
bottom, and steam can be blown into the double top. The 
changes in the pressure of the gas are shown by a manometer 
U-tube at the bottom, which contains a liquid which will not 
attack the contents. 

This apparatus was four feet long, with two inches’ radius, 
The results of a number of experiments show that it should be 
shorter and much wider. The former idea I was not quite 
prepared for ; the latter is obvious. 

The effects on the manometer are due to five chief 
causes :— 

1. Heating of the upper layer of gas by contact with lid. 

2. Cooling of the upper layer of gas by contact with sides. 

3, Heating of more or less of the column by absorption. 

4, Cooling of more or less of the column by radiation. 

5. Cooling of more or less of the column by contact. 

1 and 2 only are present in a perfectly diathermanous 
gas, as well as in a perfectly adiathermanous gas or vapour ; 
all five take place simultaneously in a partially diathermanous gas or vapour. 

The preliminary experiments show that the manometer effect is only very slightly 
less for dry olefiant gas than for dry air, while moist air shows a markedly smaller 
effect than either of the others. 

This is conclusive as to the absorption of low radiant heat by aqueous vapour, 
but it shows also that the absorption is so small as to take place throughout the 
whole column, 

Even with the present rude apparatus I hope soon to get a very accurate de- 
termination of the absorbing power of aqueous vapour, by finding in what pro- 
portions olefiant gas must be mixed with dry air to form an absorbing medium 
equivalent to saturated air at different temperatures. 

I have to acknowledge valuable hints from Professor Stokes, who, before I told 
him the results I had obtained (thus knowing merely the nature of the experiments), 
made something much higher than a guess, though somewhat short of a prediction, 
of the truth. 

In these preliminary trials no precaution was taken to exclude dust. The results, 
therefore, are still liable to a certain amount of doubt, as Mr. Aitken’s beautiful 
experiments have shown. 

The point of the method is that there can be no question of surface-layers, pro- 
vided the operation be carried on long enough. 
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2. On Atmospheric Electricity... By Professor C. Micnite Smitu, B.Sc., 
F.R.S.E. 


3. On the Alteration in the Dimensions of the Magnetic Metals by the Act of 
Magnetisation. By Professor W. F. Barrett, F.R.S.L. 


In 1842 Dr. Joule discovered that when a bar of iron was magnetised by an 
electric current an elongation of the bar took place. In subsequent experiments, 
published in 1847, Joule found that the elongation amounted to about TAL of 
the length of the bar for the maximum magnetisation, and that the total elongation 
was nearly proportional to the square of the actual magnetisation. By placing the 
bar in a vessel of water stopped with a capillary tube it was found that the volume 
of the iron did not augment, and hence Joule concluded that the sectional area 
diminished in proportion to the elongation. Under longitudinal tension magnetisa- 
tion caused a shortening of the rod when the tension exceeded 600Ibs. for a rod 
a quarter of an inch square. Soft steel behaved like iron; but hard steel, under 
all circumstances, Joule found to shorten slightly when the magnetising current 

assed. 
: In 1873 Professor Mayer repeated Joule’s experiments with new and delicate 
apparatus ; the elongation of the iron he found to amount to ;,,",, of its length for 
the maximum magnetization. Mayer also found that soft as well as hard steel 
contracted under magnetisation. 

In the same year the author made a series of experiments on the other magnetic 
metals, nickel and cobalt, and found that whilst cobalt lengthened under magneti- 
sation, nickel appeared to suffer no change.” This result is surprising, for nickel 
more nearly resembles iron and cobalt than steel in magnetic properties, the former 
having little coercive force and the latter very considerable retentive power. With 
entirely new apparatus the experiments were repeated and a distinct shortening of 
the nickel was now found, cobalt elongating, but not so much as iron. The multi- 
plying apparatus that was found to yield most satisfactory results was a simple 
form of optical lever, a mirror vertically fixed over the fulcrum of a lever of the 
first order and reflecting a scale at some distance into an observing telescope. The 
apparatus will be more fully described in the report that will be presented next 
year, a committee, with a small money grant, having been appointed at a previous 
meeting of the Association to investigate this and certain other molecular changes 
accompanying the magnetisation of iron described by the author at the Bradford 
meeting of the Association. 

The results so far obtained may be summed up as follows :—However often the 
current traverses the helix around the bar of cobalt, the elongation is practically 
the same after the first current, and amounts to about two-thirds of the elongation 
produced in an iron bar of the same dimensions. In my measurements the elonga- 
tion of the iron amounted to about =,, of its length for the maximum magnetisa- 
tion; the iron elongated 55 scale-divisions and the cobalt 35. 

With nickel, after the first magnetising current is passed the retraction is 
practically the same for succeeding currents; with the same scale the nickel retracted 
100 divisions, or about double the elongation of iron. 

Enclosing the bars in a vessel of water with a capillary tube, having a helix 
encircling the vessel, no motion of the index was noticed on magnetising the cobalt 
and the iron, but a slight fall of the index, indicating a diminution of volume, was 
noticed with nickel. The experiments, however, were somewhat rough, and will 
shortly be repeated with greater care. 

The ‘ magnetic tick’ is heard loudly with cobalt and nickel, as well as iron, the 
former giving a very clear metallic click on magnetisation. 

The author is much indebted to the kindness of Messrs. Johnson and Matthey for 
the bars of nickel and cobalt (93 inches long and 1 inch diameter) with which the 


1 Published in Proc. Roy. Soc. Edin. 1881-82. 
2 Phil. Mag. January, 1874. 
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experiments were conducted, and also to Mr. Gore, F.R.S., for the loan of a longer 
bar of nickel. Experiments are now in progress to determine the effect of tempe- 
ratures and longitudinal tension on the results. 


4, On an Instrument for measuring the Intensity of Aérial Vibration.2 By 
Professor Lorp Ray.ericu, 7.2.8. 


5, On the Effect of Wind on the Draught of Chimneys. By Professor 
Lorp Raytetcn, /.R.S. 


6. On a Mechanical Self-registering Thermometer. By A. Mattock. 


Having recently had occasion to keep a room at a constant temperature for 
many days together, the author had, in order to test the efficiency of the apparatus 
employed for that purpose, to have some means of continuously recording the 
temperature of the room and also of the external air. 

Several causes prevented the use of the ordinary photographic method, and he 
therefore designed the mechanical recording thermometer which is the subject of 
this communication; and since there are obvious advantages in dispensing with 
photography if equally accurate results can be obtained by a simple mechanical 
means, and as the same principles can be applied to the construction of a me- 
chanical self-recording barometer, he hopes the short description of his apparatus, 
which will be given here, may not be without some use. 

The thermometer consists of a long glass bulb (A) holding about half a pint of 
spirits of wine. This bulb is connected by a fine metallic tube (B), also full of spirit, 
with a small bulb (C) near the recording apparatus. C is half-full of mercury 
and half of spirit, and terminates in a capillary tube (D), which dips into a deep 


J 


cup (E), which also contains mercury. This cup is suspended from a horizontal 
lever (F), and its weight, without the mercury, counterbalanced. 
The weight of the mercury in the cup is taken by the spiral spring (G). 
The upright arm (H), attached to the lever, carries the pen-rod (K), which 
marks on the horizontal cylinder (L). 
__ The cylinder turns round once a week, and time is marked on the paper at 
intervals of three hours by a pen (M) actuated by an electro-magnet through 
: which currents are sent at the desired intervals by a contact-maker on the clock. 
The effect of a change of temperature is to expel or suck mercury from or into 
the small bulb, and the variation of weight on the spiral spring is the same as it 
would have been had the large bulbs been filled with mercury, and mercury had 
the coefficient of expansion of spirits of wine. 


1 For a fuller report of this paper, see the Zectrician for October 14, 1882. 
2 Phil. May. September, 1882. 
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The cup (E) must be so shaped that the end of the capillary tube (D) never 
emerges from the surface of the mercury in the cup, and that this may be the case the 
descent of the cup due to the introduction of a given quantity of mercury should 
not be greater than the height which the mercury introduced occupies in the cup; 
or, in symbols, if o is the area of the cup, / the unstretched length of the spiral 
spring, and a the volume of mercury required at (D) to stretch it to double its natural 
length, 

a 
then o=T< ; 


It will be seen that, by taking a properly proportioned spring and cup, the 
thermometer may be made to record to any desired scale; but the limit to the 
accuracy of the record is of course fixed (for any given thermometer) by the 
constant friction of the moving parts. This, however, can without trouble be made 
very small, 

To apply the mechanical method to the barometer it is only necessary to hang 
the barometer tube to the lever (F) instead of the cup (E), allowing the open end 
to dip into a deep fixed cistern. 

The greatest part of the weight of the mercury in the tube should of course be 
counterbalanced, leaving only the variable part to be taken by the spring. The 
variation of the barometer alters the extension of the spring by a quantity directly 
proportional to the variation of the weight of the column of mercury supported ; 
thus the curve drawn by this kind of self-recording barometer requires no correc- 
tion for temperature, except a small term depending on the expansion of the glass. 
The rise or fall of the tube in the mercury cistern gives rise to a force depending 
on the flotation of the immersed part of the glass tube ; but as this force is a linear 
function of the rise or fall, it makes no difference in the character of the curve 
traced by the instrument, and is equivalent merely to an alteration of the value of 
(a) which measures the stiffness of the spring. 


7. On a Musical Instrument. By J. Purcies. 


8. On an Arithmetical Model. By Sir F. J. Bramwett, F.R.S. 
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Srction B.—CHEMICAL SCIENCE. 


PRESIDENT OF THE SEcTION—Professor G. D. LivEInG, M.A., F.R.S., F.C.S. 


THURSDAY, AUGUST 24. 


The PREsIpENT delivered the following Address :— 


Ir I were asked in what direction chemical science had of late been making the 
most important advances, I should reply that it was in the attempt to place the 
dynamics of chemistry on a satisfactory basis, to render an account of the various 
et of chemical action on the same mechanical principles as are acknow- 
edged to be true in other branches of physics. I cannot say that chemistry can 
yet be reckoned amongst what are called the exact sciences, that the result of 
bringing together given matters under given circumstances can yet be deduced in 
more than a few special cases by mere mathematical. processes from mechanical 
principles, but that some noteworthy advances have in recent years been made, 
which seem to bring such a solution of chemical problems more nearly within our 
reach. 

To show how large a gap in our ideas of chemical dynamics has been bridged 
over within the last quarter of a century, I will quote the words of one of the 
largest-minded philosophers of his time, who was one of the earliest promoters of 
this Association, and its President in 1841: Whewell, in a new and much altered 
edition of his ‘Philosophy of the Inductive Sciences,’ published in 1858, says :— 
‘Since Newton’s time the use of the word attraction, as expressing the cause of 
the union of the chemical elements of bodies, has been familiarly continued, and has 
no doubt been accompanied in the minds of many persons with an obscure notion that 
chemical attraction is in some way a kind of mechanical attraction of the particles 
of bodies, Yet the doctrine that chemical ‘attraction’ and mechanical attraction are 
forces of the same kind has never, so far as I am aware, been worked out into a 
system of chemical theory ; nor even applied with any distinctness as an explana- 
tion of any particular chemical phenomena, Any such attempt, indeed, could only 
tend to bring more clearly into view the entire inadequacy of such a mode of 
explanation. For the leading phenomena of chemistry are all of such a nature, 
that no mechanical combination can serve to express them without an immense 
accumulation of additional hypotheses.’ (‘History of Scientific Ideas,’ ii. 13.) And 
further on he says:—‘ We must consider the power which produces chemical com- 
bination as a peculiar principle, a special relation of the elements not rightly ex- 
pressed in mathematical terms.’ (Ibid. p. 14.) 

The influence by which our ideas have gone round so as to be now the very 
opposite of those of the illustrious thinker whom I have just quoted, so that we 
should ridicule the thought of looking for an explanation of chemical action on 
any but mechanical principles, is undoubtedly the progress which has been made in 
other branches of molecular physics. The indestructibility of matter has long 
been a formula familiar to chemists, but that the conservation of energy should be 
as universally true, even in regard to chemical actions, has only in recent years been 
fully recognised. This is certainly no new principle, it was developed mathemati- 
cally generations ago ; but the realisation that it is anything more than an abstrac- 
tion, that it is the keynote of every rational explanation of physical phenomena, 
has been the foundation of recent progress in physical science ; and if all energy be 
one, there can be but one code of dynamical laws, which must a ply to chemistry 
as well as to all other branches of physics. The development of the mechanical 
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theory of heat, and of the molecular theories which have grown up in consequence 
of it, have done much to set our minds free from preconceived notions, and to 
induce us to build chemical theories on something more than unverified con- 
jectures. 

: But how far can we say that mechanical principles are actually recognised as 
the true basis of rational chemistry? So far as I know no chemist denies that it is 
so, and yet how little do our text-books, even the most recent and the most highly 
reputed, show the predominance of this idea! How very small a portion of such 
books is taken up with it, how much seems utterly to ignore it or to be couched in 
language antagonistic to it! We still find chemical combinations described as if 
they were statical phenomena, and expressions used which imply that two perfectly 
elastic bodies can, by their mutual action alone, bring each other into fixed relative 
positions. We still find change of valency described as a suppression of ‘ bonds 
of affinity,’ as if a suppression of forces were the usual course of nature, or as if it 
were possible that the same two forces, acting at the same place and in the same 
direction, should at one time neutralise one another, and at another time not 
neutralise one another. We still find saturated compounds spoken of as if the 
stability of a compound were independent of circumstances, and chemical combina- 
tion no function of temperature and pressure. Beginners are sometimes helped by 
the invention of intermediate reactions in explanation of final results, without any 
reference to the dynamical conditions of the problem, without any consideration 
whether the fancied intermediate reactions imply a winding-up or a running-down 
of energy. In fact our long familiar chemical equations represent only the conser- 
vation of matter, and to keep always in mind the mechanical conditions of a 
reaction is as difficult to some of us as it is to think in a foreign language. More- 
over, we still find in many of our text-books the old statical notion of chemical 
combination stereotyped in pictures of molecules. I do not, of course, mean to 
accuse the distinguished inventors of graphic formule of meaning to depict mole- 
cules, for I believe that they would agree with me in thinking that these diagrams 
do not any more nearly represent actual molecules than they represent the solar 
system ; but unfortunately we cannot prevent beginners from regarding them as 
pictures, and moulding their ideas upon them. They present something easily 
grasped by the infant mind, and schoolmasters are fond of them; but only those 
who have each year to combat a fresh crop of misconceptions, and false mechanical 
notions engendered by them, can be aware how much they hinder, I won’t say the 
advance, but the spread of real chemical science. Ifit be true that the illustrations 
of an artist like the late Hablot Browne give to our conceptions of the characters 
of a story a more definite and permanent, though perhaps a much modified form of 
what the author of the story intended to portray, it is equally true that the illus- 
trations by which some, even great names amongst us, have tried to make us fancy 
that we had a true conception of some natural process, have become so fixed in our 
minds as to prevent our realising the true meaning of nature. 

What, then, is the progress which I think has been made in physical chemistry ? 
In the first place, notwithstanding the slowness with which new ideas replace old 
familiar images, the molecular theories developed by Clausius, Clerk Maxwell, and 
Boltzmann, and by Sir W. Thomson, have been long enough before the world to 
have greatly loosened the hold upon our minds of many old notions. The rigid, 
unbreakable, impenetrable atoms of the Epicurean philosophy, made familiar to us 
by Lucretius, always presented difficulties which were only perhaps exceeded by 
those of the elastic atmospheres with which modern philosophers fancied them to 
be surrounded ; but now the vortex theory, whether we think it probable or not, 
at least gives us a standing ground for the assertion that the supposed impenetra- 
bility of matter, and the curious compound of nucleus and atmosphere which had 
been invented to account for elasticity, are not necessary assumptions. 

The kinetic theory of gases has analysed for us the different motions of the 
molecules in a mass of matter, and has facilitated the conception of the part which 
heat plays in chemical action. Hence we have had of late several attempts to 
reduce to a form susceptible of mathematical calculation the problems of chemistry. 
Most of these attempts have proceeded on the well-known mechanical principle 
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that the change of vis viva of a system, in passing from an initial to a final configura- 
tion, is independent of the intermediate stages through which it may have passed 
ovided the external conditions are unaltered; and on the principle of the 
issipation of energy, that is to say, on the condition that the state of the system, 
if it be a stable one, must be such that the energy run down in reaching it is a 
maximum. ‘These principles have been applied successfully to the solution of some 
rticular cases of the equilibrium between a mixture of chemicals by Willard 
ibbs, Berthelot, and others. By the first-mentioned principle all consideration of 
the intermediate stages by which the final result is reached is avoided. Quite 
recently Lemoinne has attacked the same problem on another principle. His 
principle is that of an equilibrium of antagonistic reactions in a mixture of 
materials, a mobile equilibrium, such as we are now familiar with, dependent on 
compensating effects ; but he does not seem able to solve the problem in any great 
number of cases. In fact, the difficulty does not now lie so much in expressing 
mathematically the conditions of the problem, as in the defect of knowledge which 
depends upon experiment. And it is just in this that I think the outlook most 
hopeful. In some cases the patient work of weighing, measuring, and comparing, 
which is necessary to make our theoretic speculations of any substantial value, has 
been already done for us. The publication, three years since, of Berthelot's ‘ Essay 
on Chemical Mechanics,’ has given us, in a collected form, a large quantity of data 
of the first importance, and now I am glad to say that the long labours of another 
worker in the same field, Thomsen of Copenhagen, are in course of publication in a 
handy form. I think these two investigators have done more than anyone else of 
late years towards making it possible to give chemistry the rank of an exact science. 
But besides the data which they have supplied to us, there are others which are 
yet wanting. For instance, almost every equation of chemical equilibrium involves 
an expression depending on the specific heat of the materials. At present we do 
not know enough of the law of specific heats to be able to give in most cases a 
probable value to these expressions, but these and other data of the kind do not 
seem out of our reach, and we may hope that the same ingenuity and patience 
which have gained for us so much firm ground in thermal chemistry will extend it to 
the uncertain spots where we have as yet no solid foundation. 

Further, the laws of dissociation, so ably investigated by Deville, have taught 
us that the force called chemical affinity, by which we suppose the atoms of unlike 
matters are held together in a compound molecule, follows precisely the same laws 
as the force of cohesion by which particles of a similar kind are united in molecules, 
We have long known that the molecules of sulphur vapour are broken up into simpler 
molecules by elevation of temperature, and condense again when the temperature is 
reduced. Other elementary substances behave inasimilar way. We have within the 
last two or three years learnt that iodine isin part dissociated by a high temperature 
from molecules consisting of two chemical atoms into molecules consisting of 
only one such atom, and the same is true of chlorine and bromine. That some such 
change must occur in iodine was inferred as long ago as 1864 by the younger 
Mitscherlich, He argued that iodine is a compound body from the fact that it 
shows two spectra, one similar in character to those of metallic oxides and the 
other similar to the spectra of metals, and from the analogy in the behaviour of 
iodine to a metallic oxide in giving the one spectrum at one temperature and the other 
at a higher temperature : ‘ from this,’ he says, ‘ it would follow that iodine at ordinary 
temperatures and iodine at the temperature of a hydrogen flame must be considered 
as two different compounds, because the spectrum of iodine formed at ordinary 
temperatures’ (that is, the absorption spectrum of iodine vapour) ‘ is different from 
that produced in a hydrogen flame.’ Also ‘that bromine, though it gives no flame 
spectrum, gives one spectrum by absorption and another by the electric spark, and 
must therefore in its ordinary state be regarded as a compound.’ Also that ‘the 
spectra formed by the flames of selenium, tellurium, and phosphorus, and those of 
sulphur and nitrogen given by feeble electric discharges, all have the character of 


_ the iodine flame spectrum, and these metalloids would therefore, if the above ex- 


ressed supposition with regard to iodine be confirmed, also be compound bodies.’ 


“(‘ Phil. Mag.’ 1864, p. 188.) Since the paper from which the foregoing extract is 
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taken was published, not only the metalloids but many metals have been found 
to give complicated spectra at one temperature and much simpler spectra at 
higher temperatures. Such are the channelled spectra of sodium and_potas~ 
sium, first described by Roscoe and Schuster, the channelled spectra of silver, 
bismuth, and other metals described by Lockyer and Roberts, and the ultra-violet 
channelled spectrum of tin recently photographed by Dewar and myself. 
Mitscherlich’s hypothesis gives us a rational explanation of such multiple spectra 
produced by the same substance, and it has been accepted, in one form or another, 
by all spectroscopists since he wrote. Nevertheless, the existence of multiple 
spectra cannot be taken as a proof of allotropic modification unless the possibility 
of a chemical combination be excluded. The channelled spectrum which mag- 
nesium gives in hydrogen was mistaken by more than one observer for that of 
some modification of the simple metal, until it was shown that magnesium in 
nitrogen or other gases does not give it if no hydrogen is present, and that its per- 
sistence in hydrogen at high temperatures depends, as does the permanence of 
chemical combinations, on the pressure of the gas. If, however, homogeneous mole- 
cules are dissociated by heat, so also are heterogeneous molecules, formed, as we say, 
by chemical combination, split up by elevation of temperature, to unite again on 
cooling, or when the pressure is increased within certain limits. Nor is there any 
essential difference in character between a chemical compound and an element be~ 
yond that of facility of decomposition. If we could not so easily resolve them into 
their constituents, and were to disregard the difference of their spectra, no one: 
would suppose ammonia to be differently constituted from potassium, or cyanogen 
from chlorine. Indeed, chemists have long been in the habit of considering the 
union of two atoms in a molecule of ordinary hydrogen or chlorine as a species of 
chemical combination ; but when we find that the combinations of particles of the 
same kind are as definite as those of particles of different kinds, and that they 
are both subject to precisely the same mechanical laws, we are hardly justified 
in regarding the forces by which they are produced as essentially different. To get 
rid of a gratuitous hypothesis in chemistry must be a great gain. 

But it may be asked, why stop here? Why may not the chemical elements 
be further broken up by still higher temperatures? A prior? and from analogy 
such a supposition is extremely probable. The notion that there is but one ele- 
mentary kind of matter is at least as old as Thales, and underlies Prout’s hypothesis 
that the atomic weights of our elements are all multiples of that of hydrogen. 
This famous hypothesis has gone up and down in the scale of credibility many 
times during the present century. About seventeen years ago the publication of 
Stas’ new determinations of combining weights, carried out on a scale never before 
attempted, and with all the refinements which the growth of our knowledge could 
suggest, was thought to have given it its death-blow, But a reaction has set im 
since that time, The periodic recurrence of the properties of elements with regular 
additions to the atomic weights, like octaves in a musical scale, put foreibly before 
us by Mendelejeff, makes it difficult not to think that there is a simple relation 
between the atomic weights, though there may be causes producing slight perturba= 
tions of such a relation. Quite recently a fresh revision of the combining weights 
has been made on the other side of the Atlantic by Professor F. W. Clarke. He has 
collected all the determinations made by different observers, and after rejecting suck 
as from defective methods were untrustworthy, has applied to the remainder such 
corrections as newer experiences have suggested, and then deduced from the cor- 
rected numbers the most probable values by the methods of the theory of errors, 
Professor Clarke has done a piece of work of the highest utility, for which chemists 
must be grateful; nevertheless, he has not carried the revision so far as it might be 
carried. He has, to begin with, rightly separated the several sets of observations, 
and deduced the most probable number from each set by itself, but in combining 
the various sets for the final determination of the numbers adopted, he has treated 
the results obtained by different methods as if they were a set of observations all 
presumably of equal value, so that the most probable numbers could be deduced 
by the method of least squares. He has not attempted any discussion of the diffe- 
rent methods with a view to an estimate of the relative values of the results 
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obtained by them, nor made any difference between the values of the figures 
deduced from operations on the large scale employed by Stas and those arrived at 
on the small scale of other observers. Any sort of handicapping of methods is 
no doubt a very difficult and delicate operation, and requires more than the judg- 
ment of an Admiral Rous, but without it the question whether the numbers 
adopted are the best obtainable will always be an open one, It is, however, a 
very noteworthy fact, that in almost every case the numbers deduced from Stas’ 
experiments, taken by themselves, coincide very closely indeed with the most pro- 
bable numbers derived by the method of least squares from the whole of the re- 
corded estimates. On the whole, Professor Clarke concludes that Prout’s hypothesis, 
as modified by Dumas, is still an open question, that is to say, his final numbers 
differ from whole multiples of a common unit by quantities which lie within the 
limits of errors of observation and experiment. 

Let us turn again to the evidence afforded by our most powerful‘instrument for 
inspecting the inner constitution of matter, the spectroscope. A few years ago 
Mr. Lockyer supposed that the coincidence of rays emitted by different chemical 
elements, particularly when those rays were developed in the spark of a powerful 
induction coil and in the high temperatures of the sun and stars, gave evidence of 
a common element in the composition of the metals which produced the coincident 
rays. Such an argument could not be drawn from the coincidences unless they 
were exact, and the identity of the lines could only be tested by means of spectro- 
scopes of great resolving power. By the use of the well-known Rutherford gratings, 
Young in America had found that most of the solar lines which had been ascribed 
to two metals were in reality double, and Dewar and I, working on the terrestrial 
elements in the electric arc, had found the actual coincidences to be very few 
indeed. These observations, even with Rutherford gratings, were delicate enough ; 
but quite recently M. Fievez, of the Brussels Observatory, has brought to bear on 
this question a spectroscope of unexampled power. By combining two of the 
Astronomer Royal’s highly dispersive half-prisms with a Rutherford grating 
of 17,296 lines to the inch, he has obtained a dispersion quadruple—that of 
Thollon’s combination of prisms. Bringing this to bear on the sun he has mapped 
the solar spectrum from a little below C to somewhere above F, on a scale one- 
third greater than that of Vogel’s map, and has not only confirmed the work of 
Young, Dewar, and myself, but has resolved some lines which were not divisible by 
such dispersive power as we had at command, This result cannot fail to shake our 
belief, if we have any, in the existence of any common constituent of the chemical 
elements; but it does not touch the evidence which the spectroscope affords us, 
that many of our elements, in the state in which we know them, must have a very 
complex molecular structure. I cannot illustrate this point better than by the 
spectra of two of our commonest elements, magnesium and iron. We have good 
reason to think the molecule of magnesium to be as simple as that of any chemical 
element, and we find its spectrum to be one of the simplest, consisting of a series of 
triplets which repeat each other in a regular way and are probably harmonically 
related, and of a comparatively small number of single lines, of which also some 
may be harmonics. The spectrum of iron, on the other hand, presents thousands of 
lines distributed irregularly through the whole length, not only of the visible, but 
of the ultra-violet region. Make what allowance you please for unknown harmonic 
relations, and for lines which are not reversible and may not be directly due to 
vibrations of the molecules, we still have a number of vibrations so immense that 
we can hardly conceive any single molecule to be capable of all of them, and are 
almost driven to ascribe them to a mixture of differing molecules, though we have 
as yet no independent evidence of this, and no satisfactory proof that any of this 
mixture are of the same kind as occur in other elements. 

M. Fievez’s combination is a great advance in resolving power, but Professor 
Rowland, of the John Hopkins University, promises us gratings not only exceeding 
Rutherford’s both in dimensions and accuracy of ruling, but ruled upon curved 
surfaces so as to dispense with the use of telescopes and avoid all variations in 
focussing the different orders of spectra. His instruments, if they come up to the 
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promise he holds out, will enable us to solve many questions which are difficult to 
answer with our present appliances. 

But to return to the chemical elements: the spectroscope has in the last few 
years revealed to us several new metals. I will not venture to say how many, for 
when several new metals more or less closely allied are discovered at the same time, 
the process of sifting out their differences is necessarily a slow one. We cannot 
tell yet whether any of them are to fill gaps in Mendelejeff's table, and so add 
strength to the conviction that there is a natural relation between the atomic 
weights and the chemical characters of our elementary substances, or whether they 
will add to the embarrassment in which we already find ourselves with regard to 
the relations of the cerium group of metals ; whether we may welcome them as the 
supporters of order, or deprecate their coming as authors of confusion. Granting 
that the chemical characters of an element are connected with its atomic weight, 
we have, however, no right to assume them to be dependent on that factor alone. 
Why may there not be elements which, while they differ as little in atomic weight 
as do nickel and cobalt, are, on the other hand, so similar to one another in all 
characters that their chemical separation is a matter of the greatest difficulty, and 
their difference only distinguishable by the spectroscope? ‘The spectra may be 
thought to suggest so much, and how shall we decide the question? At any 
rate the complications of the spectroscopic problem can only be unrayelled by 
the united efforts of the chemists and physicists, and by the exercise of extreme 
caution. 

I cannot dismiss the subject of chemical dynamics without alluding to the in- 
genious theory by which the President of the Association has proposed to account 
for the conservation of solar energy. He supposes planetary space to be pervaded 
by an atmosphere which, except where it is condensed by the attraction of the sun 
and planets, is in a highly attenuated state. The sun and planets communicate 
some of their own motion of rotation to the atmosphere condensed about them, and 
he supposes that in this way an action like that of a blowing fan is set up, by which 
the equatorial part of the sun’s atmosphere acquires such a velocity as to stream 
out to distances beyond the earth’s orbit, while an equal quantity of gas is drawn in 
at the poles to maintain equilibrium. The gases thus driven to a distance in planet- 
ary space will of course be enormousiy expanded and highly attenuated, and in 
this state Dr. Siemens thinks that such of them as are compound may be decomposed 
by absorbing the solar radiation, and thus the kinetic energy of the sun’s rays be 
converted into the potential energy of chemical separation. The separated elements, 
or partial Se will in the circulation produced by the fanlike action of the 
solar rotation be carried back to the polar regions of the sun as fuel to maintain 
his temperature by condensation and re-combination. I will not discuss the me- 
chanical part of this theory further than to remark that the fanlike action can 
only be carried on at the expense of the energy of the sun’s rotation, which 
must in consequence be continually diminishing, and must in time become too 
slow to produce any sensible projection of the atmosphere into distant regions 
of planetary space. As to the chemical side of the theory, Dr. Siemens supposes 
the gases which pervade the planetary space to be not only of the same kind as 
the components of our own atmosphere, which on the kinetic theory of gases 
must diffuse through that space, but also such gases as are not found in our air, 
but are found occluded in meteorites, which may be supposed to have acquired 
them in their previous wanderings. Amongst these he specially mentions hydro- 
carbons which form the self-luminous part of most comets. It is to these gases, 
together with aqueous vapour and carbonic acid, that he ascribes the principal part 
in the conservation of solar energy. That compound gases at the extremely low 
pressure of the planetary space are decomposed by solar radiation is not inconsistent 
with the laws of dissociation, for it is quite possible that some compounds may be 
decomposed at ordinary temperatures by mere reduction of pressure, and the radia- 
tion absorbed will be the more effective because it will directly affect the vibratory 
motion within the molecule, and may well produce chemical decomposition before 
it can, when the free path of the molecules is so much increased by the attenuation 
of the gas, assume the form of an increased temperature. Dr.Siemens, moreover, 
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adduces a remarkable experiment in confirmation of this supposition. We know, 
too, the power which our atmosphere, and especially the water vapour in it, has of 
absorbing the infra-red rays, and that amongst the Fraunhofer lines some of the 
strongest groups are due to aqueous vapour; and the capital observation made 
by the spectroscopic observers at the last total eclipse, that the group of lines known 
as ‘ B,’ which is one of those produced by aqueous vapour, is greatly strengthened 
when the sun’s light passes by the edge of the moon and so through the lunar 
atmosphere, may be taken as a confirmation of the theory that gases like our atmo- 
sphere are diffused through space and concentrated about the planets. But if it 
be true that the compounds are decomposed by absorbing the sun’s rays, we ought 
to find in our atmosphere the products of decomposition, we ought to tind in it free 
hydrogen, carbonic oxide, and acetylene or some other hydrocarbons. The hydro- 
gen, from its small specific gravity, would not be concentrated in the lower regions 
of our atmosphere in the same proportions as the denser gases, but carbonic oxide 
and hydrocarbons could not fail to be detected in the air if they formed any sen- 
sible proportion of the gases in the planetary space. That a large portion of solar 
radiation is intercepted before it reaches the earth is no doubt true, for there are 
not only the dark bands which are increased by our atmosphere and may reasonably 
be attributed to the action of like gases pervading planetary space, but there is a 
continuous absorption of the ultra-violet spectrum beyond the line U, and Cornu 
has found that this absorption is not sensibly affected by our atmosphere, so that 
the substance, whatever it be that produces it, may be an agent in the process 
imagined by Dr. Siemens, but cannot be the means of restoring to the sun any por- 
tion of his radiant energy which reaches our distance from him. 

Dr. Siemens explains the self-luminous character of comets by the theory that 
the streams of meteoric stones of which they are supposed to consist bring from 
stellar space hydrocarbon and other gases occluded within them, and that.in con- 
sequence of the rise of temperature due to the frictional resistance of such a divided 
mass moving with enormous velocity, aided by attractive condensation, the occluded 
gases will be driven out and burnt, the flame giving rise to the original light emitted 
by the nucleus. Now the spectrum of most comets shows only the principal bands 
of a Bunsen burner, and is therefore adequately explained by the flame of gas con- 
taining hydrocarbons such as have been found in meteorites; but Dr. Huggins has 
observed in the spectrum of more than one comet, not only hydrocarbon, but cyano- 
gen bands; and, although carbon and nitrogen combine readily in the electric are, 
a coal-gas flame in air shows no trace of the spectrum of cyanogen, and it would 
certainly put some strain on our credulity if it were asserted that cyanogen was one 
of the gases brought ready-formed by meteorites from stellar space. Dewar and I 
have, however, recently shown that if nitrogen already in combination, as, for 
instance, ammonia, be brought into a hydrocarbon flame, cyanogen is produced in 
sufficient amount to give in a photograph (though not so as to be directly visible) the 
characteristic spectrum of cyanogen as it appears in the comet. It is therefore no 
longer necessary to make any other supposition to account for the cyanogen bands in 
the spectra of comets, than that ammonia, or some such compound of nitrogen, is 
present as well as hydrocarbons in a state of ignition. 

Quite recently Dr. Huggins has observed that the principal comet of this year 
has a spectrum of an entirely different character, but he is not yet able to say to 
what elements or compounds it is probably due. The notion that comets may bring 
us news of distant parts of stellar space, towards which our system is driving, where 
the atmosphere is not like ours—oxygen and nitrogen—but hydrogen and hydro- 
carbons, may fascinate the fancy, but the laws of occlusion oblige us to think that 
the meteorites have not merely wandered through an attenuated atmosphere of 
hydrogen and hydrocarbons, but have cooled in a much denser atmosphere of those 
substances, which we can only conceive as concentrated by the presence of a star 
or some large aggregation of matter. They may, perchance, have come from some 
nebulous mass, for Draper and Huggins tell us that in the great nebula in Orion 
hydrogen is dense enough and hot enough to show some of its characteristic lines, 
besides the F' line which is seen in other nebule, and is the last to disappear by 
reduction of density. No comet on visiting our system a second time can repeat 
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the exclusion of its occluded gases unless its store has been replenished in the 
interval. Tacchini has recently observed that Encke’s comet, which is one of short 
period that does not travel beyond the limits of our system, shows the usual spec- 
trum of three bands. If this observation should be confirmed it will be very 
difficult to account for the replenishment of its occluded gases. But Encke’s comet 
is a very small object, and one cannot feel very certain about its spectrum, and it 
will be interesting to see, when Halley’s comet next returns, whether it shines only 
by reflected light or gives us, like so many cthers, the banded spectrum of hydro- 
carbons. 


The following Papers were read :— 


1. On the Legal Flashing Test for Petroleum. 
By F. A. Apgt, C.B., F.B.S., F.C.8. 


The author commenced by pointing out defects in the old legal flashing test, 
called the open test, and in the test used in America, called the fire test, and the 
circumstances that led to his investigation of the subject, resulting in the perfection 
of a close flashing test, which in 1879 became the legal flashing test by Act of Par- 
liament, and which since that time has been used in the United Kingdom with 
satisfactory results. After a time this test had been adopted in the United States 
and by the German Government. In course of the investigations instituted in 
Germany Dr. Foerster and others had noticed (what had also become apparent 
in this country) that decided variations in atmospheric pressure introduced con- 
siderable variations in the test, when applied to one and the same sample of oil, 
either at different localities or during a continuance of very different atmospheric 
conditions. This had led the German Government to adopt a system of corrections 
for atmospheric pressure in applying the test to the examination of petroleum 
samples. The subject had been examined into by the author and Mr. B. Red- 
wood, and a series of observations, instituted by the latter in different parts of 
Switzerland, differing considerably in altitude, had indicated that very constant 
differences in the flashing point of a particular oil were occasioned by variations of 
pressure, the difference appearing to amount to about two degrees Fahr. per inch of 
mercury. The subject was still under investigation, with a view to the adoption 
of a proper system of correction in practice. Another point was the effect of con- 
siderable variations in atmospheric temperature upon the flashing point of an oil. 
Messrs, Abel and Redwood had carried on a series of experiments for the purpose 
of ascertaining to what extent variations in the temperature of a sample, and in 
the temperature of the locality where it was examined, would affect the flashing 
point under the Abel test, and it had been established that it was not merely neces- 
sary to cool down the sample of oil immediately before testing it, when the tem- 
perature of the atmosphere exceeded 65° Fahr., according to the directions given in 
the Act, but that it was also imperative to maintain the oil to be tested for some 
considerable period at a low temperature, if it had been stored for any length of 
time in a locality where the temperature exceeded that above specified. 

The Indian Government had recently adopted, in a Petroleum Act, without any 
modification, the instructions relating to the use of the flashing test included in the 
English Act, and the serious difficulties to which this had given rise in connection 
with large importations of petroleum into India from the United States, where they 
had passed the prescribed test, while on arrival at Bombay they exhibited consider- 
ably lower flashing points, had led the author to examine into the subject in conjunc- 
tion with Mr, Redwood, who has lately proceeded to India with the view of 
thoroughly examining into the conditions to be fulfilled for securing the attainment 
of trustworthy results by the application of the flashing test in a tropical climate. 


2. The Influence of Aqueous Vapour on the Explosion of Carbonic Oawide and 
Oxygen. By H. B. Dixon, M.A. 


1 Printed in Chemical Nen:s, vol. xcvi. p. 151. 
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3. The Velocity of Explosion of a Mixture of Carbonic Owide and Oxygen 
with varying quantities of Aqueous Vapour.. By H. B. Dixon, M.A. 


The author endeavoured to compare the velocities of explosion of mixtures of car- 
onic oxide and oxygen with varying quantities of aqueous vapour by observing the 
pressure registered in a mercurial gauge attached to the Hudiometer in which the 
gases were fired. In each experiment the same mass of carbonic oxide and oxygen 
‘was exploded at nearly constant temperature and volume. The gauge was U-shaped 
and contained air in the closed limb. An index, similar to those used in Six’s ther- 
mometers, was carried up and left at the highest position reached by the mercury. 
Near the bend of the gauge, two bulbs were blown in the tube as reservoirs, enabling 
the mercury to be lowered in the Eudiometer without permitting the air to escape 
from the closed limb. 

In two experiments a trace only of aqueous vapour was present. The Eudio- 
meter was dried at 80°C by drawing through it for half an hour air which had 
passed through two sulphuric acid drying tubes and a small tube containing phos- 
phoric oxide. It was found that, by this method of drying, just sufficient aqueous 
vapour remained in the tube to enable the explosion to take place slo wly when 
sparks from a Ruhmkorft’s coil were passed through the mixture of carbonic oxide 
and oxygen. In the first experiment several sparks were passed before the gases 
took fire. In both experiments the flame took about two seconds in passing down 
the length of 500 mm. occupied by the gases in the Hudiometer. In three other 
experiments measured quantities of aqueous vapour were added, the vapour being 
kept below the saturation point; and in the last two experiments the space was 
saturated with aqueous vapour, and the sides of the Eudiometer were wet. The 
following table gives the quantities of aqueous vapour in each experiment, the 
readings of the pressure gauge and the pressures corresponding with these readings. 


Explosion of Carbonic Oxide and Oxygen with varying quantities of Aqueous 


Vapour. 
. Reading | Pressure | Reading aah Length of 
Tension of Tension of | of gauge | in gauge | of index BL Gebeme Tempe) column of 
CO+0 ily before ex- | before ex-| after ex- registered staal gases ex- 
Te plosion. | plosion. | plosion. ¥ Gauge. OF gases. “ploded. 
mm. mm. mm. mm. C. mm. 
1 200 trace 229 535 236 562 Sor 500 
2| 200 J ‘5 i 2362 | 563 | 38°2] 500 
|3 200 8:7 ” tr 249:2 620 33° 505 
\4 200 9°4 ” 5 249°6 622 83° 505 
5 200 25 ir i 249°4 621 34° 514 
20 38 252: 3 a3 | 52 
6 O° See - y 2596 | 638 | 38°83] 524 
7 200 40 fy A 252°6 638 34° 525 
(saturated) 


4. On the Boiling Points and Vapour Tension of Mercury, of Sulphur, and 
of some Compounds of Carbon, determined by means of the Hydrogen 
Thermometer. By Professor J. M. Crarts.—See Reports, p. 317. 


5. On the Occurrence of Tellurium and Selenium in Japan. By Professor 
Epwarp Divers, M.D., and Masacuixa Surmoss. 


Notice of the occurrence of tellurium and selenium in sulphuric acid made from - 
Japanese sulphur was given by one of the authors to the British Association at its 


1 Printed in extenso, Chemical News, vol. xcvi. p. 151. 
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last meeting. They can now give some particulars which they have'since learned 
concerning the nature of this occurrence. 

They obtained large quantities of the deposit from the chambers of the Govern- 
ment sulphuric acid works at Osaka, and found therein both selenium and 
tellurium ; but all the specimens they could get of the sulphur burnt at these 
works failed to yield these substances. Apparently the stock there of telluriferous 
sulphur had been all consumed, and as these works have now ceased to be used, 
no new supplies of sulphur come to them. There are, however, private works at 
Osaka—the Kawaguchi Sulphuric Acid Works—and from these they have got a 
sulphur, a specimen of which will be exhibited to the meeting. This sulphur is 
quite different from ordinary sulphur in colour, being reddish-yellow. It has long 
been distinguished by the Japanese from ordinary sulphur under the name of sekz, 
riu seki, massive red sulphur. The sulphur, of which a specimen is exhibited, is 
stated to come from Iwoshima (sulphur island) off the south of Japan. A speci- 
men of sulphur not so red in colour in the mineralogical museum of this College, 
and labelled ‘ From Iwoshima,’ also contains selenium and tellurium. Another speci- 
men in this collection of minerals, closely resembling that exhibited, and containing 
these rare substances, is labelled as coming from the province of Echiu (Ishikawa 
prefecture) in the west of Japan. 

The specimen exhibited is not the sulphur in its native form, but in a refined 
state obtained by liquation, and the same appears to be the case of the specimens in 
the College museum. It will be seen to be a mixture of yellow and red sulphur. 
The yellow they have found to contain only traces of tellurium and selenium. 

The red sulphur has been analysed with the following results. For this 
analysis they are indebted to Mr. Tetsukichi Shimidzu, a student of chemistry in their 
College, who kindly consented to work with them lately, as they were pressed for 
time in consequence of the specimen of red sulphur having been only lately obtained. 


Composition of Telluriferous Sulphur. 


Per-centage. 


Tellurium . 3 : : s : ‘ : . 0:17 
Selenium : 2 : : ; Fi : : ; 0:06 
Arsenic . : Fi : ; 3 - F . . 0-01 
Non-identified substance < . 6 — 


Earthy non-volatile matters, only a trace 
Sulphur, by difference, nearly . 5 ° ° . . 99°76 


100-00 


The occurrence of tellurium along with sulphur, belonging as these elements - 
do to the same chemical group, is, the authors think, of particular interest, as 
hitherto tellurium has been only found in the pure state, or more commonly, like 
sulphur, in combination with metals. 

They have done much work upon the deposit from the vitriol chambers, and 
the tellurium and selenium they have separated from it, but they wish now only to 
lay an account of the composition of this deposit before the meeting, thereby to 
complete the natural history of the subject, as they hope to publish on a future oc- 
casion the results of their other work. 

The mud-like deposit settled down on standing, leaving a pale yellow acid, 
supernatant liquid, which was principally dilute sulphuric acid, and which had 
a specific gravity of 1:15. Its colour was due to ferric sulphate, present in not 
inconsiderable quantity. The authors obtained from one litre of this liquid 


Tellurium, 0°37 grams, 
Selenium, 015 ,, 


They abstain from giving analytical details at present. 


The deposit was drained of its liquor as far as practicable upon a filter, was 
purposely not washed, and was air-dried in the sun. Its analysis gave the 
following results :— 


TRANSACTIONS OF SECTION B. 489 


Per-centage. 

Selenium . : , , : - : , P 105 
Tellurium . - : : . : - 3 . : 1:2 
Sulphur, elemental . : . - 2 : : : 65 
Earthy insoluble matters . - - : : : » 244 
Lead sulphate . : . : : : . : - 29:5 
Sulphuric acid. Abe ip : : 
Water «. : : : . 
_ ph les mie 27 ck 
Iron, a very little . : : ; : - | 
A non-identified substance J 

100-0 


The point which will attract: attention in this analysis is that, whereas the 
quantity of tellurium is to that of the selenium as 5 to 2 in the sulphur, and as 5°5 to 
2 in the liquid with the deposit, it is only as 1 to 9 in the solid part of the deposit. 
The explanation of this discrepancy is simple. They find by experiments with the 
deposit itself and by others with pure tellurium, that tellurium in the finely divided 
state readily oxidises in water exposed to air, and much more rapidly in the 
presence of acid than not, whereas selenium is not sensibly affected. Therefore 
the deposit, exposed as it had been to the air, contained much selenium with but 
little tellurium, most of the tellurium having oxidised and gone into solution in the 
liquid. It was to ayoid further dissolution of the tellurium that they did not wash 
the deposit for analysis. 

The deposit is of a grey-red colour, with a few bright yellow points, probably 
orpiment, as yellow selenium sulphide is not permanent. On distilling the air- 
dried deposit in clay retorts they found that the tellurium as well as the selenium all 
distilled over. Much water and sulphur dioxide were given off, and at first also 
a bright yellow sublimate, believed to be orpiment. The contents of the retort, 
where the temperature had not been too high, contained galena, formed during the 
heating, possessing a strong metallic lustre and marked crystalline form. 


FRIDAY, AUGUST 25. 
The following Reports and Papers were read :— 


J. Report of the Committee appointed to investigate by means of Photo- 
graphy the Ultra-Violet Spark Spectra emitted by Metallic Elements, 
and their combinations under varying conditions.—See Reports, p. 143. 


2. Report of the Committee appointed to prepare a new series of Tables of 
Wave Lengths of the Spectra of the Elements—See Reports, p. 144. 


3. On the application of the Diamond to Mineralogical and Chemical 
Analysis. By Professor voN BAUMHAUER. 


The author referred to his earlier memoirs on carbon in its three states, viz. : 
(1) the octahedral transparent diamond; (2) the apparently amorphous black 
diamond or carbon; and (3) the globular diamond or dort, in which he had de- 
monstrated the second to be an agglomerate of small crystals cemented together 
probably by hydrous oxide of iron, thus standing in much the same relation 
to the first as does sandstone to quartz, while the bort shows confused erystal- 
lisation and so is related to the first as calcedony to quartz. He referred also 
to the application of carbon to economic purposes, such as drilling rocks, and to 
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experiments which he had made, conjointly with Professor Behrens of Delft, on its 
application to chemical and mineralogical researches. He exhibited carbon bores 
contained in iron handles, the mineral being fixed by an equal mixture of wax and 
colophonium. ‘These handles are fixed in a turning machine, and thus the hardest 
minerals can be operated upon as easily as iron by steel. For purposes of chemical 
analysis this process of obtaining a powder is better than the use of mortars of 
agate, porcelain, or steel, as the powder has no admixture of particles worn away 
from the mortar. One great difficulty, however, is that of giving any desired shape 
to the carbon, owing to its extreme hardness. This difficulty the author had over- 
come as follows :—A piece of carbon is wholly covered by a thin layer of pipeclay 
like that used in making tobacco-pipes; after this has dried the part covering the 
portion of carbon to be removed is taken off. The whole is then heated till the carbon 
is white hot by the action of a Bunsen flame under a blowpipe, then a stream of 
oxygen is directed on the carbon through a thin platinum tube until the desired 
portion is removed by combustion. The carbon is then plunged in oil. Specimens 
which had been thus acted upon were exhibited. 


4. On the Action of the Component Salts as Nuclei on Supersaturated 
Solutions of certain Compound Salts. By Joun M. Tuomson, F.C.S. 


In a paper published in the Chemical Society's Journal, May, 1879, on ‘The 
Action of Isomorphous Salts, in producing the Crystallisation of Supersaturated 
Saline Solutions, the author pointed out that if a mixture of dimorphous salts be 
taken, a separation of the salts may be effected within certain limits by touching the 
solution with a crystal of one or other of the salts; this separation being limited 
by and depending on the relative solubilities of the different salts contained in 
the solution. 

The subject of the present paper is a continuation of these observations, 
employing in :this case supersaturated solutions of double salts, where it was 
possible to obtain such, and acting on them with nuclei consisting of one or other 
of the component salts in order to find whether any disruption of the compound 
takes place by the action of the nucleus. The method of carrying out the experi- 
ments was exactly the same as that employed before, and fully described in his 
first paper, the nucleus being added to the solution to be experimented on by one 
of two methods: (1) by the nucleus being obtained by crystallisation from a 
supersaturated solution, and in this condition retained in the syphon-tube in the 
neck of the flask till required for use; or (2) the nucleus being added directly 
from its mother-liquor in a bulb-tube suspended in a similar manner in the neck 
of the flask. 

In all these experiments, as before, the substances were purified with the 
greatest care, and the admission of particles from the external air most carefully 
guarded against. 


The following tables give the results obtained with the different groups of salts 
employed. 


Experiments with Double Chlorides, Bromides, Iodides, &c. 


Substance in Solution Nucleus added Result 


HegCl,2(NH,Cl).3H,0 . . | HgCl, (prismatic) . . | Active 


a . .| HgCl, (deposited from | Both active and inactive 
hot solution) 
oh oy ale NEL Olle soe cantauens gay caf De Chiine 
HgBr,2(NH,Br).3H,O. .| HgBr, . Active 


HgBr, (deposited from | Both active and inactive 
hot solution) 
i; oo. | (NH)Bro's 2. SD | Inactive 


” e 


oO 
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Substance in Solution j Nucleus added Result 


ey Fe ea sip on bal eeu 
a JPME Sages Inactive 


HgCl,2(NH,Cl).8H,0 . . | HeBr,2(NH,Br).8H,0. Active 


HeBr,2(NH,Br).8H,O. . | HgCl, (prismatic) . . Active 
NH,Cl . 


a tgs e a. ily ah. ne a ACh hye 


HgCy,NH,Cl . .. .|HgCy,... . . «| Active 
WHOL sige wie et, 


” . . . . 


Ezperiments with Double Sulphates. 


AIK(SO,),.12H,0 . . .| Al3(SO,).18H,0 . . | Inactive 


oe By Be ah aE es 05 ox A eam vn hyo dapliy CLR 


Zn,Cu(SO,),H,O. . . .| 2nSO,7H,0 . . . . | Active 
| 1 | CuS0,.5H,0 . . . .| Active 


” . e 


Eeperiments with Double Phosphates and Arseniates. 


NaNH,HPO,4H,0. . .| Na,HPO,12H,0 . . | Inactive 
” hay iret DEEL, VEEP OL vei eaipree a? a 
“ys (NH,)H,PO, «., 5 | 
Abeserss ih ay ee Orenventioriemned - 
NaNH,HAsO,4H,0 . .| Na,HAsO,12H,O . . be 
(NH,),HAsO,.Aq.. - fp 


| 
Experiments with Certain Organic Salts. 


KNaH,C,0,4Aq. . . .| K,H,C,O,. . . « « | Inactive 
” soy an oh eth Meg ELO,Oniy ay oxtibendin Active 


Na EO ene a) REEL. CLO7 aeye SST Active 


” . , 


” . ° . e Na ,H,C,0, . . . . ” 
MgNaH,C,0,. . . . «| MgH(H,C,0,) . . . | Inactive 
” eo oe * 8 as 567 . e . . ” 


From these tables it will be seen that, in the case of the double chlorides, 
bromides, and iodides, the salt of the heavy metal invariably caused the crystallisa- 
tion of the double salt, whereas the constituent containing the alkali-metal had no 
action. It was, however, impossible to determine whether the salt causing crystal- 
lisation did so by first inducing the deposition of the salt analogous to itself in the 
solution; experiments are being carried out to endeavour if possible to determine 
the primary action which takes place. It is, however, a somewhat difficult one to 
examine. 

It may also be observed that when the mercuric chloride or bromide existed in 
the nucleus in its true prismatic form, crystallisation at once took place, but that 
when its deposition from its solution took place at a higher temperature the results 
were various. On examining this point he finds that the crystalline form of the mer- 
euric chloride and bromide change when so deposited, which may readily account 
for the alternation in those cases. The’ crystalline form also of the double salt is 
more nearly allied to the form of the heavy metallic salt than to the constituent 
containing the alkali-metal. In the case of the double cyanide and chloride, how- 
ever, there is a distinct difference from the halogen salts employed in the first- 
mentioned experiments, both components producing the crystallisation of the 
double salt. 
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It seems probable, therefore, that the double salts formed from these monobasic 
acids, although they form good supersaturated solutions, are not so firmly united 
together as to withstand the disturbing influence of certain of their constituents ; 
but that the disruption produced by them is not sufficient to cause the decomposi- 
tion of the body, and consequently the double salt is deposited. In the case last 
mentioned, also, of the double cyanide and chloride, both salts are deposited as the 
final result of the crystallisation. 

In experimenting with mercuric iodide, this substance was introduced by 
means of a pipette-shaped tube, and the iodide strongly steamed by boiling the flask 
before it was allowed to cool. 

In the case of the alum and double phosphate, however, which may be taken 
as examples of very definite double salts, neither of the components have any 
action on the solution. In connection with the alum experiments some interesting 
results were obtained from the double sulphate of zinc and copper, known as 
‘Lefort’s salt,’ the composition of which, according to that author, is Zn,Cu(SQ,),, 
H,,0, and which can be crystallised without decomposition. 

Quantities of this salt were dissolved in half their weight of water, zinc 
sulphate (ZnSO,,7H,O) and copper sulphate (CuSO,,5H,O) being employed as 
the nuclei. 

In these cases both the constituents were active in causing crystallisation, 
that from the zine sulphate nucleus being more rapid than that from the copper 
sulphate nucleus. An examination of the crystals deposited showed that they 
were crystals of the double salt, and their deposition presented some very peculiar 
phenomena, referred to at length in the paper. 

In the last group of salts employed, viz., the tartrates and citrates, it will be 
observed that in the case of two of them one of the constituents was active and 
one remained inert. It now became important to examine, if possible, the com- 
position of the crystals which were gradually deposited from the nucleus. For 
this purpose experiments were carefully performed in flasks containing the 
Rochelle salt, to which the nuclei of neutral sodium tartrate were added by means 
of the syphon-tubes. The crystals gradually and slowly formed from the point 
of the syphon-tube, and were allowed to grow till a considerable cluster had 
formed, and a great part of the salt had been thus removed from the solution in 
the flask. The deposit adhering to the syphon-tube was withdrawn from the 
mother-liquor removed from the flask, washed with ice-cold water, pressed between 
blotting paper, air-dried, and analysed. On analysis the deposit gave numbers 
closely agreeing with the composition of Rochelle salt. 

Now it is to be observed that the crystals forming the deposit here in no wise 
resemble those of Rochelle salt, but closely resemble those .of sodium tartrate, 
giving us evidence of the probable dimorphism of Rochelle salt. 

At present it is difficult to see why the sodium tartrate should be active and 
the potassium salt inactive; but it may be remarked that the solubility of the 
sodium salt is less than that of the potassium salt, which may perhaps account for 
its activity. A corresponding result has been observed with the citrate of 
potassium and sodium, in which the sodium citrate has always proved active, 
whilst the potassium salt is inactive. Here also the solubility of the potassium 
salt is greater than that of the corresponding sodium salt. 

In the case, however, of the double magnesium and sodium citrates, the 
results were different, both of the constituent salts proving inactive to the double 
salt. 

From these experiments it will be seen that the double salts of monobasic 
acid apparently suffer disruption more easily than the salts from acid of higher 
basicity, like sulphuric and phosphoric acids, but that in the case of the first 
of these two latter acids, salts may exist, like Lefort’s salt, which is acted upon by 
the constituents. 

It will be observed, however, that such salts indicate more of molecular than 
of atomic grouping in their constitution, whereas in the alum and double 
phosphate we have a firmer union of the salts. This is also, the author thinks, to 
be observed in the salts from the organic acids; by its mode of formation and its 
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composition, the double sodium and potassium citrate appears more like a 
molecular grouping of the constituent salts, and both constituents are capable 
of causing disruption, whereas in Rochelle salt and the magnesio-sodic citrate, 
there is evidence of a closer binding of the component salts. In the case of 
Rochelle salt only one constituent produces disruption, and in the case of the 
magnesio-sodic citrate, neither constituent has any action. It is to be hoped that 
experiments carried out on these solutions may assist in the examination of the 
condition of such salts when in a state of solution. 


5. On the Decomposition by Heat of Chlorate of Potassium. By ALBERT 
River and Professor J. M. Crarts. 


The cause and circumstances which favour this decomposition have been the 
subject of much study, and the elder Mitscherlich and other great authorities have 
offered solutions of the question, but none has met with general acceptation. 
The authors desire to present a few new facts without dwelling further upon any 
theory than is necessary to bring out certain analogies, which have guided their ex- 
periments, and which they hoped might lead to a partial explanation of some 
points connected with the phenomenon. 

They have enlarged the knowledge of the number of bodies favouring the dis- 
engagement of oxygen, and the discovery that pure metallic silver, reduced by 
hydrogen from the chloride at a high temperature, has this action, appears to 
destroy the usual theories regarding the function of the metallic oxides, which 
produce the same effect. 

There is no necessity for recognising here any difference between the affinity 
which comes into play during an act of solution, and that which governs any 
chemical combination, and they supposed that the so-called catalytic bodies might 
have the property in common of absorbing oxygen. Black oxide of manganese 
was exposed to oxygen at exactly the conditions of the experiment in which it had 
promoted the decomposition of chlorate of potash, but no action could be discovered 
which would explain the possibility that it might have a strong attraction for an 
oxygenised body presented to it. 

A curious case was noticed, in which chemical affinity might be supposed to 
determine the reaction. Gas-retort carbon can be completely burnt, chiefly to 
carbonic acid, by contact at about 340 degrees with pulverised chlorate of potash. 
There is no fusion; every trace of the carbon gradually disappears, and the 
greyish powder becomes white. The operation lasts one or two days. An 
admixture of more than 10 per cent. of carbon provokes a violent reaction, with 
disengagement of heat. 

In the same way that chemical] formulas are used to express certain charac- 
teristic qualities of bodies, symbolized under a conventional image of their con- 
stitution, it is allowable to present possibilities of molecular action by a picture 
which bears little or no relation to the probable physical conformation of matter. ; 

Suppose all the atoms of a compound to be equidistant, and the distances to be 
equally increased by an accession of heat, the sphere of chemical attraction might 
after passing a certain point, be overcome, and the only limit to a decomposition 
with explosive rapidity would be the absorption of heat during the process. If 
the condition of the molecule is more truly to be symbolised by atoms at irrecular 
distances irregularly affected by heat, which would cause from time to time a 
single atom to overlap the boundary, a slow decomposition by heat is understand- 
able. One can also imagine heat from different sources, or conveyed through 
different media, although producing this same mean movement of the particles 
still affecting them differently, in one case causing a large increase of movement in 
a small number of atoms, in another producing the equivalent temperature by a 
smaller movement imparted to a larger number of atoms. This last conception 
may perhaps explain the intervention of certain bodies in the decomposition, and 
it may be that their contact imparts heat-impulses of different qualities from those 
of the substances, like silica and chloride of silver, which haye no decomposing 
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action. The authors have devised no experiments suited to test this hypothesis in 
a satisfactory manner, but the following account of the mode of decomposition of 
chlorate of potash at a constant temperature is not inconsistent with its adoption. 
_ The temperature was maintained at a fixed point to within 0°2 by means of 
mercury boiling under a constant pressure. 

Pure chlorate of potash begins to give off oxygen at 330° to 340°, far below its 
melting point, and the decomposition goes on for several weeks before it becomes 
imperceptibly small, After the limit is reached, if the temperature is raised, a 
fresh decomposition tending towards a new limit takes place. At the tempera- 
tures chiefly used, only a small percentage of the salt undergoes decomposition. 

The first stage of the decomposition is marked by a lower melting point of the 
mixture of the residual salts, which usually fuse after several days. 

Pure chlorate of potash must undergo decomposition before fusion, although 
the change of weight mey be slight in a rapidly conducted operation. 

The addition of 10 to 20 per cent. of any of the substances known to favour the 
decomposition has an effect exactly similar to the raising of the temperature: the 
limit of decomposition is reached as before after a certain time. 


6. Hydrocarbons of the Formula (C, H),.1_ By Professor 
W.. A. Tinpen, F.R.S. 


To existing knowledge of isoprene the author adds the facts that its tetrabromide 
C,H,Br, is a liquid which refuses to solidify at—18°, and which cannot be dis- 
tilled without decomposition. The oxidation of isoprene by nitric acid leads to 
the formation of a considerable quantity of oxalic acid, whilst chromic acid produces 
formic and acetic acids. The remarkable production of caoutchoue by the action 
of certain chemical agents upon isoprene led the author to make some experiments 
with a view to ascertain whether this hydrocarbon could be obtained from other 
sources, and bearing in mind the polymerisation of isoprene into a true turpentine 
by the action of heat, it seemed not improbable that turpentine oil might be made 
to yield it. On passing turpentine vapour through a red-hot tube, a complex 
mixture of hydrocarbons is obtained, from which may be isolated about 2 per 
cent. of a volatile liquid, having the composition of isoprene and, so far as at 
present observed, all its properties. The paper includes a theoretical discussion of 
the formule assignable to the eight possible compounds having the composition 
C,H,, and of their relation to the terpenes. 


7. On the Activity of Oxygen, and the Mode of Formation of Hydrogen 
Diovide.2 By C. T. Kinezert, F.L.C., F.C.8. 


In this paper the author discusses the mode of formation of ozone and peroxide 
of hydrogen by processes of slow oxidation. Referring to the views of Thénard, 
Lamont, and others, and considering, in connection therewith, the results obtained 
in his investigations of the atmospheric oxidation of phosphorus and the terpenes, 
he discards the notion that in such processes molecular oxygen is split up into free 
atoms by any outside act, so to speak. ‘Turpentine and other terpenes absorb the 
whole molecules of oxygen and ozone, and in both cases yield an identical organic 
peroxide, which, by mere contact with water, produces hydrogen dioxide as a 
secondary product. This secondary change is the result of a simple transference of 
oxygen, or re-distribution of molecules. . 

The author further criticises the views of Traube (‘ Ber.’ 15, 659-675), and 
adduces evidence against the idea that in the formation of hydrogen dioxide it is 
water that is decomposed. Finally, he proposes a new representation of the consti- 
tution of hydrogen dioxide. Believing that oxygen has a variable acidity, and may 
behave as a triad or tetrad, he represents peroxide of hydrogen as oxygenated 
water, OOH, rather than hydrogen dioxide, HOOH ; this new representation more 
adequately explaining the changes that the substance is known to undergo, 


1? Published in extenso in the Chemical News, vol. xlvi. p, 120. 
2 See Chemical News, vol. xlvi. p. 141. 
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8. Metallic Compounds containing Bivalent Hydrocarbon Radicals. Part III. 
By Professor Saxurat, F.C.8. 


By acting on monomercuric methylene iodide, HgCH,I,—the preparation of 
which is described in the Report, 1880, p. 504—with mercuric chloride, a com- 
und is obtained which is shown to be monomercuric methylene chloriodide, 
Heg(CH,)CU. This compound is soluble in ether, chloroform, and alcohol, and 
erystallises in thin shining white plates, m.-p. 129°. The action of iodine on this 
compound shows it to be constituted thus: CICH,HglI, inasmuch as it is thereby 
converted into mercuric iodide and methylene chloriodide, thus: CICH,|HgI 
II 
Methylene chloriodide, CH,ClI, is a liquid boiling at 109°, and having a specific 
gravity of 2:49 at 20°C. The boiling point of this compound is the mean of the 
boiling points of methylene chloride and methylene iodide. 


SATURDAY, AUGUST 26. 
The Section did not meet, 


MONDAY, AUGUST 28. 


The following Reports and Papers were read :— 


1. Report of the Committee on the Calibration of Mercurial Thermometers. 
See Reports, p. 145. 


2. Third Report of the Committee upon the present state of our Knowledge 
of Spectrum Analysis.—See Reports, p, 120. 


3. On the Reversals of the Spectral Lines of Metals. By Professor Liverne, 
F.R.S., and Professor Dewar, F.2.S. 


The authors have made a regular study of this subject, not only with a view 
to trace the parallel between the conditions of the elements as they exist in the 
sun and those in which they can be placed on earth, but also because a knowledge 
of the reversible lines may help to distinguish those due directly to the vibrations 
of the molecules from those produced by superposition of waves or by some strain 
upon the molecules, such as an electric discharge might give. They classify the 
reversals as follows. I. Reversals where the expanded line itself gives the back- 
ground against which the absorption line, narrowed because density of the ab- 
sorbent is less than that of the”emittent vapour, is seen. These are the reversals 
most generally known. II. Reversals in which there is little or no expansion of 
the lines, and the background is either the hot walls and end of a tube, the hot pole 
of the arc, or such part of the arc as is so full of lines as to be nearly continuous. 
Many such reversals, including many lines of iron and other metals, were exhibited 
in photographs. III. Reversals in which the background for the absorption was 
produced by the expansion of a line of some other metal. Photographs of the 
reversal of iron and other lines seen against the expanded magnesium lines were 
exhibited. IV. Reversals by the introduction into the crucible in which the arc 
was passing, of a very gentle current of hydrogen, coal-gas, or ammonia, by which 
the metallic lines are almost all swept away, and the continuous spectrum much 
increased. V. When a carbon tube, passed through a perforation in a block of 
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lime, is made the positive electrode of the arc, while a carbon rod, passed into 
another perforation in the lime so as to meet the tube in the middle of the block, 
is made the negative electrode, the tube becomes gradually heated up, and in the 
direct line of the tube the metallic lines are seen bright because there is no back- 
ground, but against the hot walls of the tube the same lines are seen reversed. 
The effects of gradually increasing temperature were traced as the tube was 
gradually heated. I. Occasionally a double reversal of lines occurs, and a photo- 
graph was exhibited showing an expansion of the magnesium lines, between K and L, 
which extended so far as to produce reversal of the most refrangible two of the 
cyanogen bands, the magnesium producing also a broad absorption band, against 
which the magnesium triplet was seen bright and sharp. This seems due to the 
less dense, but intensely heated, magnesium vapours, pushed forward up the tube 
by the sudden burst of dense vapour evolved on dropping a fresh piece of magne- 
sium into the are. 


4. On the Electric Furnace. 
By Dr. C. W. Stemens, F.B.8., and Professor A. K. Hunrineron. 


The electric furnace has previously been described in the Journal of the Society 
of Telegraph Engineers, June, 1880, It has since been found advisable to sur- 
round the furnace with a coil. By this means the direction of the are can be 
regulated at will, and the tendency which it has to fly to the sides of the crucible 
be checked. 

The electrodes may be of such carbon as is used in electric lighting or of any 
other convenient conducting substance. They may, if desired, be cooled by circu- 
lating water through or round them, or by exposing them as far as possible to the 
air, For example, in one experiment a }in. nickel positive pole was employed, 
the lower end being inserted into a solid rod of copper about 1 in. square by 6 in. 
long. With this pole, no other means of keeping it cool being adopted, 1 lb. of 
grain nickel was fused ina clay crucible and poured in eight minutes, starting 
with all cold. The electrode was but little attacked, and no leakage occurred. 

There are two great advantages possessed by the electric furnace, viz., that the 
temperature attainable is practically only limited by the refractoriness of the 
materials of which the furnace is constructed, and that the heat is developed im- 
mediately in the material to be fused, instead of first having to pass through the 
containing vessel. The temperature to be obtained by the use of fuel is limited 
by dissociation. Deville has shown that carbonic acid undergoes dissociation at 
the ordinary atmospheric pressure at about 2,600° Cent. = 4,700° Fahr. 

In the experiments made by the authors, five D-2 machines driven by a Mar- 
shall’s 12-horse power engine were employed; one being used as an exciter. The 
current ranged between 250 and 300 ampéres. The most refractory clay crucibles 
supplied by the Patent Plumbago Crucible Company were invariably cut through 
in a few minutes, and, except for experiments of short duration, were useless. 
Plumbago crucibles stood exceedingly well. Obviously, however, they could not 
be employed for all purposes, owing to their tendency to cause carburisation of the 
metal experimented with. In some experiments the fusion of metal was effected 
in a bed of lime, sand, or electric light carbon-dust. The latter isa very bad 
conductor, and, as in the case of lime and sand, allows the are when once formed 
to maintain a passage through it to the metal beneath. 

Wrought Iron.—Six pounds of wrought iron were kept under the action of 
the arc for twenty minutes, and the metal then poured into a mould. It was 
found to be crystalline, and could not be furged. This is the result which has 
always been obtained when iron, nickel, or cobalt have been fused. Although the 
remedy, viz., the addition of a little manganese just before pouring, is well known, 
the cause remains still unexplained. 

Steel.—As much as 20 lbs. of steel files have been melted in one charge, the 
time required heing about one hour, starting with the furnace hot. With such 
large quantities the metal has invariably been full of blowholes. 
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White iron, fused in a clay crucible for thirty minutes, when fractured did not 
appear to have undergone any change. White iron and coke were introduced into 
the furnace ; the resultant metal was slightly greyer than the original, When, 
however, retort-carbon was substituted for the coke a good grey iron, soft and 
easily workable, was readily obtained in fifteen minutes, starting with’ the crucible. 
hot. On another occasion, starting all cold, at the end of thirty minutes the 
metal, although it had been well fused, had not been rendered greyer. The differ- 
ence between these two results was possibly due to the temperature being some- 
what higher in the one case than in the other. This is a point of considerable 
practical interest. Four pounds of white iron, fused with carbon-dust for three- 
quarters of an hour, yielded a very grey crystalline iron. In another experiment, 
in which 8 ounces of grey iron, produced in the electric furnace from white iron, 
were re-melted in carbon-dust for ten minutes, a very grey metal was obtained, 
from which on slow cooling a large quantity of graphite separated. 

Cast tron, fused and kept under the action of the are for forty-five minutes in 
carbon-dust, was not materially changed as to greyness, and the general character 
of the metal as to. the way in which it worked under the tool was not materially 
altered. The object of the experiment was to ascertain the maximum amount of 
carbon iron is capable of taking up under circumstances presumably the most 
favourable. The result is hardly that which would have been anticipated. Some 
of the same cast iron was fused for fifteen minutes under lime, which nearly 
covered it. The character of the fracture of the metal was but little altered by 
this treatment, when slight differences, due to the rate of cooling, are taken into 
account. A strong smell of phosphoretted hydrogen or of a phosphide was per- 
ceived—probably the latter. This was only observed in the experiment in which 
lime was used. The lime employed still retains a very offensive odour. 

When spiegeleisen was fused in a plumbago or a clay crucible graphite separated 
as the metal cooled. 

Siliceous pig tron containing about 10 per cent. silicon was fused by itself; it 
showed but little change, except that some graphite separated. A similar result 
was obtained when 5 lbs. of the siliceous pig were fused for one hour in carbon- 
dust. On fracturing the ingot obtained, a large quantity of scales of graphite 
was found in a hollow which traversed nearly the whole length of the ingot at 
its centre. The fracture of the metal was still that so characteristic of highly 
siliceous iron, and was practically the same as that of the original pig iron. 

A series of experiments was made to determine the maximum amount of car- 
bon pig iron is capable of taking up in the presence of a given quantity of silicon. 
Grey cast iron and pig iron containing 10 per cent. of silicon were fused together 
in carbon-dust, the ratio between them being varied so as to yield metal with from 
¢ per cent. to 9 per cent. of silicon. 

A similar series was made, only substituting sulphur for silicon. No odour of 
sulphurous acid was perceived; therefore, presumably, no sulphur was volatilised. 
This is somewhat remarkable, considering the nature of the experiment. It was 
thought that investigations of this kind might have an important practical, as well 
as more purely scientific, interest—admitting, for the sake of argument, that any 
such distinction really exists—in assisting to determine the conditions in the blast 
furnace, &c. 

Nickel.—A positive pole of this metal—cast malleable by Wiggin & Co.’s pro- 
cess 1—}-in. in kara eA ino passed through a hole in the bottom of a clay crucible. 
A carbon negative pole was used, but soon after the commencement of the ex- 
periment a deposit of nickel formed on the end of it, so that practically it was a 
nickel pole. This deposition of metal on the negative pole was also observed 
with some other metals—notably with tungsten. Whilst disclaiming any special 


_Imowledge on the point, Professor Huntington suggested whether this pheno- 


] 


menon—which is the reverse of that generally recognised as taking place—might 
not depend on the relative volatility of the matter composing the poles. In the 
furnace arranged as just described, 1 lb. of grain nickel was fused and poured in 
See paper on ‘Nickel and Cobalt,’ by Professor A. K. Huntington, in July 
number of the Journal of the Society of Chemical Industry. 
1882. KK 
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eight minutes. The fused metal had a brilliant granular fracture. It could not | 
be cut properly in the shaping machine, shearing off under the tool. One pound 
of grain nickel fused in carbon dust for twenty-five minutes yielded a dark grey 
earburised metal, which worked well under the tool. On another occasion an 
equal quantity of nickel, similarly treated, gave a ‘blowy’ metal, which could not 
be worked. Some carburised nickel, made as described above, was fused in a clay 
crucible for twelve minutes, and allowed to cool gradually in the furnace; the 
fracture became whiter, and the grain closer. 

Copper.—Three-quarters of a pound of copper were fused for about half an 
hour in carbon-dust. On examining the result, it was found that all but about 
3-oz. had been vaporised. Those who were present during the experiments 
suffered no ill effects from the atmosphere charged with copper, which they must 
have breathed. 

Platinum.—Kight pounds of platinum were rendered perfectly liquid in about 
a quarter of an hour. 

Tungsten Half a pound of tungsten in powder was subjected to the action 
of the are ina clay crucible. Dense fumes were evolved, a cavity about 13-in. 
across the top being formed. The furnace was allowed to cool down slowly. 
When the crucible was removed, it was found to have been very much attacked 
below the point to which the arc extended. The inference is that the crucible had 
been attacked by the metal at the temperature of the experiment. The metal was 
fused only to an inappreciable depth beneath the cavity formed by the are. The 
unfused metal underneath was covered with very beautiful iridescent crystals of 
tungsten, which under the microscope appeared to be well-formed prisms. They 
have not yet been measured. The crystals had evidently been formed by the slow 
cooling of the vapour distilled down from the surface. : 

A very large number of experiments was made with tungsten, the results of 
which showed that it could not be fused, except in very small quantities at a time. 
It was possible to build up a small ingot by fusing a little of the tungsten, and 
then adding little by little gradually. Even then the pieces obtained were for 
the most part spongy and unsatisfactory. The best results arrived at were when 
tungsten which had already been fused was employed in the building-up process. 
When once the metal had been fused, it did not fume much in melting, doubtless 
owing to the greatly reduced surface exposed. 

Tungsten fused in the electric furnace is, when untarnished, pure white, and 
brittle, the grain being very close. Tungsten hitherto has only been obtained as 
a grey powder, by reducing the oxide with carbon or hydrogen, or in minute 
globules in the ordinary small electric arc. Tungsten has its fusing point lowered 
by the addition to it of carbon. Under these conditions a solid piece of moderate 
size can, without much difficulty, be obtained. From 1,000 grains of powder fused 
in carbon-dust 650 grains were recovered, the remainder having been vyolatilised, 
and from 450 grains of the fused metal 410 grains were obtained on re-fusion. 
One piece of tungsten which had been treated under the conditions most likely to 
cause it to be highly carburised was analysed. It contained 1°8 per cent. of earbon, 
The metal was very white, close in grain, and brittle. 

From the foregoing experiments it is clear that the amount of any given 
metal which can be successfully fused in the electric furnace, and the time required 
in effecting the fusion, are dependent on (a) the relation between the volatilising 
point and the fusing point, ¢.e. the extent to which the volatilising point is higher 
than the fusing point; (6) the conductivity of the metal for heat. 

It thus happens that platinum can be more readily melted than steel, and 
in greater quantity for a given expenditure of energy. This inference is 
believed by Professor Huntington to be justified by the observations and experi- 


ments so far made. ; t : 
It still remains to examine chemically the specimens referred to in this 


paper. 


———————— 
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5. The Aerorthometer, an Instrument for correcting the Measure of a Gas.' 
By A. Vernon Harcourt, M.A., F.R.S. 


In determining the mass of a gas, itis generally more convenient to measure than 
to weigh. The volume multiplied by the density, which is known, gives the mass, 
if the volume has been measured under standard conditions. Otherwise, the actual 

v (P—-p) 
760(1 +a t) 
requires the observation of (1) v the actual volume, (2) P the height of the baro- 
meter, (3)¢ the temperature, (4) p the tension of aqueous vapour at ¢ given by a 
table. 


A reading of the aerorthometer gives at once the quantity 


measurement must he corrected. The usual formula for correction, V= 


tee t) 5 sie 
thus, to find V, the normal volume, it is only necessary to divide v by this reading. 

The instrument consists of two narrow vertical tubes, the one open above, the 
other terminating in a a bulb whose capacity, including that of the stem down to 
the first graduation, is 1,000 of the units into which the stem is divided; both tubes 
are connected below with a reservoir from which mercury can be driven up the 
tubes by the pressure of a screw. When the mercury stands at the same level in 
the open and closed tubes, the air in the closed tube, which at 0°C. and 760 mm. 
occupies 1,000 volumes, is under the existing atmospheric pressure. It has also the 
temperature of the surrounding air. It is thus under the same conditions as the 
gas in any vessel nearit. Tlie volume read upon the aerorthometer is to 1,C00 as 
the observed volume of the gas in the measuring vessel is to its normal or corrected 
yolume. 

For use in the ordinary case of measuring a gas over or in presence of water the 
aerorthometer is charged with a minute drop of water. If filled with dry air its 
760 (1 +a ¢) 
Smee 1” 


reading gives For technical purposes the graduation ‘1,000’ marks 


the volume which the inclosed air occupies at 30 inches Bar. and 60° Fahr. 


6. A Revision of the Atomic Weight of Rubidiwn. 
By Cuartes T. Heycock, B.A. 


_ The element rubidium has an atomic weight assigned to it usually of 85:4, and 
consequently is removed from a whole number. Its revision therefore became of 
interest, to see whether with improved methods it could be brought in accordance 
with the hypothesis of Prout. role 

The experiments here detailed are merely preliminary to a large number shortly 
to be undertaken. The crude rubidium chloride was obtained from Dr. Theodore 
Schuchardt of Goerlitz; it was separated by Godeffroy’s method with thealums. In 
order to further purify it, the author converted the crude chloride into sulphate, 
and decomposed this with an equivalent quantity of barium bitartrate. After 
filtration, the mixed bitartrates of potassium, rubidium, and ceesium were repeatedly 
crystallised, the crops being separated. The bitartrate of rubidium separates from 
its concentrated solution with ease, provided it is constantly stirred. 

The pure rubidium bitartrate was then decomposed by heating in a crucible of 
platinum, and the resulting carbonate dissolved out and filtered from the carbon, 
was divided into two portions, (a) and (8). 

(a) was neutralised with excess of pure HCl. evaporated to dryness and fused. 
The titration was made exactly as detailed by Stas, in his celebrated work, (Mém. 
del’ Acad. de Belgique, tom, xxxv. 1865), z.e. by adding to a known weight of silver 
nitrate an equivalent quantity of rubidium chloride, calculated on the assumption 
that Rb = 85-0, in other words conforms with the hypothesis of Prout. 

The author then found in a beam of yellow light the amount of RbCl in excess 


1 A fuller description of the aerorthometer, with a drawing, will be found Proc. 
Roy. Soc. vol. xxxiv. p. 166. 
KK 2 


500 REPORT—1882. 


by means of a solution of AgNO,, containing per gram of solution, 0:0009 grm. Ag. 
The mean of seven experiments conducted in this way gave him the ratio : 

Ag : RbCl :: 107:93 : 120:801; this when chlorine = 35:457 gives for the atomic 
weight of rubidium, 85°344., 

The portion 8 was converted into bromide by means of pure HBr. prepared as 
described in Mr. Huntington’s paper on the atomic weight of cadmium (‘ Proc. 
Amer. Acad.’) it had a constant boiling point of 126°C. Bar. 777 mm. after frac- 
tionating six times. 

The first results were all far too high, the RbBr being contaminated with 
platinum derived from the dish. The last two results when the weights are reduced 
to a vacuum are not nearly so concordant as might be wished. 

RbBr 
42365 grms, gave Ag. : RbBr:: 107-93 : 165:437 
12:28595..,,°. 5, Ag. : RbBr :2207'03 2 165342 
whence mean atomic weight as derived from 
RbBr when Br =79'955, 85°389. 


These bromide determinations are given with all reserve, as they are influenced 
to a large extent by the correction for displacement which there is reason to believe 
is far too high. 

The extended expetiments will be published shortly. The mean error of the 
atomic weight deduced from the chloride and bromide by the method of least 
squares is + 0:0215, At present rubidium cannot be said to conform to Prout’s 
hypothesis. 


7. On a method of obtaining Ammonia from Shoddy and Allied Substances. 
By W. Marrwort, F.C.8. 


The author has for some time been engaged in devising a method of applying 
on a large scale the principle adopted in any ordinary nitrogenous estimation by 
means of soda lime, his object being to work up such nitrogenous substances as 
wool or hair, and convert the nitrogen into ammonia. 

Mixing shoddy (the name by which this material is known) with lime and 
soda, and subjecting the mixture to heat in a retort, has been tried many times 
and with different apparatuses, but the return in ammonia never paid the cost of 
working. 

Shoddy is a bulky material, so that a retort when charged with it holds but 
little weight. And if the size and diameter of the retort are increased to overcome 
this, the shoddy when carbonised is such a bad conductor of heat that the matter in 
the centre of the retort is but slowly decomposed, although a great expense is in- 
curred for fuel. 

To obviate this, and reduce the cost of fuel, he tried the burning of the shoddy 
in a cupola heated by combustible gases. This, after several failures, he has suc- 
eeeded in accomplishing, and also in making the process a continuous one. 

The principle he applies for this purpose, is to generate the heat of combustion 
in contact with the nitrogenous matters operated upon, making sure that no free 
oxygen is left with the products of the combustion. 

The construction of the apparatus may be thus explained. 

Nos. 1 and 2 are cupolas made of boiler-plate, and lined with fire-brick. In 
No. 1 cupola, coke and small coal is burnt, the combustion being kept up by means 
of a fan or air-pump along with high-pressure steam. The gases generated are 
principally carbonic oxide, hydrogen, and marsh gas, along with the nitrogen of the 
air blown in. These mixed gases are led into the bottom of cupola No. 2, and 
there coming into contact with a jet of air, combustion ensues, and great heat is 
generated, which heat has to pass up through the material in the cupola. 

The point to be strictly observed is, that no more air be admitted than is 
required for the combustion of the gases, and no free oxygen left in the atmo- 
sphere heating the organic matters. The ammonia generated, along with the 
residual gases, are passed through a saturator containing sulphuric acid to absorb 
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the ammonia, and the gases after passing through a condenser are finally burnt 
under any appropriate apparatus. This final combustion of the gases does away 
with any nuisance, besides utilising a considerable amount of heat derived from the 


combustion of the organic matters. 


Different nitrogenous substances require different treatment before being fed 
into cupola No. 2. Shoddy, for instance, is a dry product, and the nitrogen con- 
tained in it is the only substance of value, the ash being worth little. 

In preparing shoddy for this purpose, we make a large heap, watering the 
shoddy with a dilute solution of soda, containing the same weight of carbonate of 
soda as the shoddy contains nitrogen. The heap of shoddy gradually heats and 
diffuses the moisture equally throughout the mass. This prevents the dust being 
carried over by the current into the saturator. 

Before charging the prepared shoddy into the cupola it is mixed with about 
6 per cent of lime, in a moist powdery state. By this treatment 80 per cent. of the 
nitrogen is converted into ammonia. The ash-dust and lime fall to the bottom, 
and are withdrawn as they accumulate. This material is used as a manure. 

In applying this principle to nitrogenous matters containing phosphates, such as 
fish or excreta, no lime or soda is added, and it is thus more of an economical 
method of drying up these substances than combining their nitrogen into ammonia. 
But even in drying part, carbonate of ammonia comes over, which is absorbed by 
the sulphuric acid. 

The dried matter, withdrawn as it accumulates, consists principally of phosphates, 
nitrogenous carbon, and potash. This residue, added to either fish or excreta in 
an offensive state, completely deodorises it, so that the operation can be carried on 
without a nuisance. ‘The pressure under which the apparatus is worked must be 
sufficient to drive the gases and absorbable material through the saturators. A 
quantity of tar and animal oil gradually comes over and accumulates in the catch- 
box. 

The author has not had much experience in applying this principle to the drying 
up of excrements such as that obtained by what is called the Rochdale tub system, 
but he has done sufficient to justify him in saying that it can be economically ap- 
plied to that purpose. 

In his experiments with excreta, instead of using an upright cupola, he used a 
long horizontal reverberatory furnace, heated on the frame principle, by gases 
generated in a separate cupola, and burnt so as to leave no free oxygen. The 
whole of the carbonate of ammonia is expelled at the boiling temperature, and is 
retained in the saturators. 

The residue is a dry carbonaceous powder, containing all the inorganic con- 
stituents of the excreta. 
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Section C.—GEOLOGY. 


PRESIDENT OF THE SEcTION—RoBERT HrHERIDGr, F.R.S. L. and E., F.G.S. 


THURSDAY, AUGUST 24. 
The PRrEsIDENT delivered the following Address :— 


For some years it has been the rule or practice that the Presidents should open the 
sectional meetings with an address, selecting any subject which may seem to them 
best adapted to the occasion. This custom I believe had its origin in this Section, 
when the Association met at Aberdeen, and was due to Sir C. Lyell, who was the 
first to deliver an opening address. He selected for his theme the discoveries of 
M. Boucher de Perthes, chiefly with relation to the occurrence and association of 
flint weapons with the bones of extinct animals in the gravels of the valley of the 
Somme. 

The Geological Section, over which during the present meeting I have the 
honour to preside, embraces a wide field of research, and therefore allows selection 
from a large range of subjects, so large indeed that it would be difficult to choose 
an original one that would be acceptable and useful to those members of the 
Association who may be present. It is thirty-six years since the British Asso- 
ciation last met in Southampton, and probably not half-a-dozen members who 
attended the meeting of 1846 are now present, if living. We are, however, for- 
tunate in having with us to-day one or two who contributed papers to this Section 
thirty-six years ago. 

The Geological Section may be congratulated on its place of meeting this year. 
Hampshire presents a wide range and field of research to the practical, as well as to 
the less advanced student in geology. Truly may it be said that this area is classic 
ground. No less than six distinct formations, with their subdivisions, occur in 
the immediate neighbourhood and within reach of those members who have 
honoured the Association with their presence this year. Be it remembered that 
it is thirty-six years since the British Association met in this city. Since then, 
or the year 1846, geology has indeed advanced with strides unsurpassed by any 
other science. The Tertiary rocks of the Hampshire basin alone have received from 
the hands of private and learned physicists, as well as the long-continued labour of 
the Geological Survey, the most careful and detailed research. It may well be said 

that this rich field has not wanted competent labourers, earliest and foremost of 
whom must be named Webster, Sedgwick, Prestwich, and Edward Forbes, who 
with Mr. Bristow mapped out with so much care and accuracy the intricate struc- 
ture of the Isle of Wight. To these must be added, through later research, the 
names of Searles Wood, Wright, Fisher, Tawney, Keeping, Judd, and others. Other 
portions of Hampshire and Sussex bearing upon the question of the Anglo-French 
Tertiary basin, haye been elaborately treated by Dixon, Godwin-Austen, Sir 
C. Lyell, and others. 

It may be a fitting preliminary to local communications which will most pro- 
bably come in, during the course of this meeting, that I should summarise what 
has been done in this area. This may be familiar to many, but there are others 
who may wish to examine certain geological localities, the mention of which may 
induce them to visit spots of much interest. It is scarcely the duty of the president 
of this Section to devote the time allowed to an opening address to the discussion 
of any original subject, while work of unusual local interest has transpired during 
the past year to justify him in drawing attention to a subject of much importance 
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connected with the stratigraphical position of certain beds in the Eocene strata of 
the Isle of Wight; a question of local geological interest, as well as bearing upon 
the correlation of the Tertiary rocks of Hampshire with those of France, Belgium, 
and Germany. Instead, therefore, of offering to the Geological Section an address 
on some special subject or branch of general geology, I have deemed it more in- 
teresting, and certainly more useful, to lay before you an outline of certain physical 
features occurring within the immediate neighbourhood, and the district in which 
we are now assembled. 

I purpose therefore to call attention to the local geology of this area, especially 
as regards the Tertiary deposits of Hampshire and Sussex, as forming or con- 
stituting the northern portion of a vast series of deposits once continuous to 
Northern France, the area now covered by the English Channel and the Solent, 
and lying in the depression of the jurassic and cretaceous series, The relation also 
of the Hampshire and Anglo-French basin and its tertiary fauna to that of the 
London or Anglo-Belgian area will receive notice, as being part of the history of one 
great period, the strata comprising the two areas being also once continuous, much 
of it being subsequently removed or denuded away from those areas now occupied 
by the English Channel and German Ocean. 

Before especially noticing the Isle of Wight and the neighbouring cvasts, I must 
state that by laborious search over both old and new ground, and through the very 
careful examination of collected specimens during the past twenty years, great light 
has been thrown on the geological structure of many local areas hitherto obscure 
from want of critical paleontological knowledge being brought to bear wpon the 
fossil fauna or flora characterising the various marine and freshwater deposits with 
which the surrounding district abounds. Greater precision has of late been arrived | 
at in the chronological arrangement of the cretaceous and tertiary strata which 
occur both in the Isle of Wight and on the mainland. A 

Doubtless you are all aware that the strictest investigation as to the distribu-- 
tion and organic contents of the Fluvio-marine Tertiaries of the Isle of Wight, was 
undertaken by Professor Edward Forbes, when attached to the Geological Survey 
from the years 1848-56, and subsequently Mr. H. W. Bristow, F.R.S., completed 
all the older tertiaries and cretaceous rocks of the island, thus producing a complete 
geological guide to this portion of the Hampshire basin. The structure of the 
Opposite coast to the east, or that embracing Bracklesham Bay, Selsea, and 
Bognor, was critically treated by Mr. Frederick Dixon in the year 1850,1 who 
was most ably assisted in his paleontological researches by the most distinguished 
naturalists then living, each faunal group receiving critical supervision and de- 
scription. A second edition of this valuable work appeared in 1878, wherein much 
new geological and paleontological matter is added. Both the Cretaceous and 
Tertiary reptiles were figured and described by Professors Owen and Bell, the 
fishes by Sir Philip Egerton, the Cretaceous echinodermata by Professor Forbes ; 
Mr. Sowerby described the mollusca, the large crustacea were described by Pro- 
fessor Bell, and the corals by Lonsdale. 


SELSEA. 


I now draw your attention to a locality of extreme interest both to the geologist 
and archeologist, and where cause and effect are manifested in both investigations, 
the historical portion being based upon physical causes and changes that have long 
been, and are still going on, to modify the form, extent, and structure of the Sussex 
coast, from the mouth of Chichester Harbour to Littlehampton and Bognor. In 
the year 1855 Mr. Robert Godwin-Austen, F.R.S. and G.S., read before the Geolo-: 
gical Society an elaborate paper upon the ‘ Newer Tertiary Deposits of the Sussex 
Coast,’ in which he also noticed some peculiar features in the parts of the Isle of 
Wight and South Hants bordering the Solent. 

From Beachy Head to Selsea Bill, the coast line lies east and west, so that 


' The Geology and Fossils of the Tertiary and Cretaceous Formations of Sussea.. 
By F. Dixon. Ist ed. 1850, 2nd ed. 1878. r 
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there intervenes a tract between the chalk range and the sea, which ultimately 
acquires @ width of ten miles, as from Lavant to Selsea. This tract is low and level, 
presenting a series of superficial accumulations, remnants of a definite Tertiary 
period, of which at no other place in England is there any such record, and to 
which I ask your attention should any journey to inspect the phenomena exposed 
along the shore of Bracklesham Bay, or between Wittering and Pagham Harbour, 
or Bognor be proposed. Especially may I refer to interesting evidence as to local 
conditions during the glacial period. It may not be known to many, or all present, 
that the peninsula of Selsea is celebrated in English history as one of the places 
where Christianity was first taught in thiscountry. It was one of the most ancient 
Saxon establishments. This peninsula was granted by Edilwalch, King of the 
South Saxons, to Wilfred the exiled Bishop of York, about the year 680. At that 
time it is stated to have contained 5,220 acres of land, with &5 families and 250 
slaves. The parish now contains only 2,880 acres; 2,340 having been slowly 
denuded away by the action and encroachment of the sea. This encroachment and 
destruction during the past 800 years has been very extensive. 

The creek called Pagham Harbour, on the south-east side of the Bill or pen- 
insula, was due to an irruption before the year 1345, when 2,700 acres of land were 
destroyed. The site of the ancient cathedral and episcopal palace of Selsea, be- 
lieved to have been situated to the south-east of the present church of Pagham, is 
no longer to be determined, but there is no reason to doubt but that it stood nearly 
a mile out in what is now sea. Camden, in his‘ Britannia,’ states that ‘in this isle 
remaineth only the dead carkase as it were, of that ancient little citie (where those 
bishops (of Selsea) had their seat), hidden quite with water at every tide, but at 
low water evident and plain to be seen.’ 

The Bishop’s Park, as the shore and sands are still called, extended for many 
acres on the south-east coast, and the remaining fragment has still the name of Park 
Coppice. The sea has gained more than a mile on this coast since the see and cathe- 
dral of Selsea was established a.p. 680; Wilfrid was the first Bishop of Selsea in 
that year, and Stigand was the first Bishop of Chichester 4.p. 1070. No less than 
twenty-two Bishops had occupied the episcopal chair of Selsea, and resided there, be- 
fore the removal to Chichester. The parish that divides Selsea from Bognor is called 
Pagham, and the extensive estuary, which is a mile long and broadin places, Pagham 
Harbour. The remarkable church is dedicated to St. Thomas 4 Becket, and the 
ruins of the archiepiscopal palace are still visible south-east of the church. Arch- 
bishop Becket resided here with a large retinue, and his interference with a manor 
within this lordship gave rise to his dissension with Henry II. which terminated 
in his assassination. That part of the coast marked ‘the Park,’ now covered by the 
sea, was part of the prelate’s extensive estate, and is still visible at low water. The 
houses of the village are built of an arenaceous limestone almost entirely made up 
of microscopical shells, of the genera Mzliola and Alveolina. This stone was formerly 
procured abundantly from an extensive range or ledge of rocks (called the Clibs 
and Mixen) south of Selsea Bill, and extending some distance east and west. In 
1830 the removal of this bed of stone was forbidden, forming, as it did and does, a 
barrier to the encroachment of the sea. 

This digression and somewhat archeological dissertation is necessary for my 
purpose, when drawing your attention to those recent geological changes that have 
taken place along that coast almost within modern times. 

Thorney, Ham, and Medmeney marshes, behind Bracklesham Bay, and between 
Bracklesham and Selsea, are of marine or estuarine origin, separating Selsea from 
the mainland, making it what its name expresses, an island, ‘ Seles-eu,’ or ‘ Island 
of the Sea-calf”’ We are thus led to believe that when Selsea became known to 
the English nation it was an island, and that in Bede’s time the process of silting 
up the estuary must have commenced, and the completion of this process would 
seem to have been before the Conquest. The action of the tides on this coast carries 
the sand and shingle from west to east, therefore the gradual wasting which has 
taken place on the shore of Bracklesham Bay has served to supply a large 
portion of the material of which these marshes are formed. 

The ground on which Selsea, Bognor, Littlehampton, Worthing, and other 
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places on the Sussex coast westward of Brighton are built, is of very recent for- 
mation, being composed of gravels, sands, and loam belonging to the post- 
Pleiocene or Pleistocene series. These superficial post-Pleiocene beds overlie 
the well-known Eocene series in patches, and contain a large fauna. No less 
than 66 genera and 142 species, chiefly mollusca, occur here. The remains of the 
mammoth or elephant (Z. primigenius, or antiquus) occur in the muddy deposits 
[mud-deposit]. With these are associated marine shells of existing species, but 
some not known now as such on the Sussex coast. East of Bognor, at low tides, we 
have the remains of a sunken forest, and west of Selsea the trunks and roots of trees, 
&c., may be examined at low water. These trees in both areas are not fossilized, 
but evidently destroyed by the encroachment of the sea, probably since the time 
when ‘the Park’ existed. In July, 1877, Mr. H. Willett, of Brighton, obtained 
from the beach below high-water mark, near East Wittering, a large number of 
bones of rhinoceros associated with several species of land and freshwater shells 
of existing species. The bones lay in the midst of decayed trees in a peaty deposit 
beneath the glacial beds of Selsea. An almost perfect skeleton of the Elephas 
antiquus is in the Museum at Chichester, which was obtained from the ‘mud 
beds’ or ‘mud deposit’ off Selsea Bill; multitudes of the shell Pholas crispata, 
oceur in the same bed. Teeth of the mammoth have occurred in the ‘mud- 
deposits ’ of Bognor, Littlehampton, and Worthing; and we have again the well- 
known ‘ Elephant bed’ at Brighton, doubtless of the same age. 

At the British Association meeting in 1851, Mr. Godwin-Austen, F.R.S., then 
president of the Geological Section, called attention to the evidence of repeated 
oscillations of level, of no very remote date, which were to be observed in parts of 
the coast of Cornwall, Devon, the Channel Islands, and the Cotentin, an area 
comprising the western opening of the English Channel. As before stated, the same 
distinguished physicist, four years later, in his paper ‘On the newer Tertiary 
Deposits of the Sussex Coast,’ exhaustively described the phenomena of the later 
movements of the land, and interchanges between the sea and the coast. The 
oldest of the newer-Tertiary deposits of the Sussex levels in ascending order is to be 
seen only at extreme low-water in Bracklesham Bay; thence eastward round Selsea 
Bill, as far as the entrance into Pagham Harbour. 

This portion of the Sussex series forms the ‘ mud-deposit’ of Mr. Dixon. Its 
character and composition distinguish it from the beds above. It is composed of 
an extremely fine tenacious dark grey sandy mud, which resists the action of the 
sea; it rests upon the well-known Eocene Nummulitic strata. 

The thickness of this Lutraria clay or ‘ mud-deposit,’ can only be estimated at 
low-water spring tides; in places it is from 18 to 20 feet thick; it increases 
seawards and passes away beneath the sea-bed. On the coast near Medmeney 
(west side of the Bill) the surface of this clay is occupied by the remains of a colony 
of Pholas crispata, which has burrowed into it. This species attains here to great 
dimensions, and from its restricted range and littoral habit serves to determine the 
level of the tidal waters at the commencement of the Selsea deposits. The relative 
age of this old estuarine deposit of Selsea is determined by its mammalian 
remains. Those of Elephas primigenius are tolerably abundant, and the interest 
attached to them is enhanced by the fact that they do not occur here as single and 
detached teeth, or portions of tusks (as cecurs on the higher gravels), but so many 
parts have been found together as to leave no doubt but that entire skeletons still 
lie embedded in this deposit. The head with the teeth and tusks and numerous 
bones have been found in close juxtaposition, and are now placed in the Chichester 
Museum. No less than sixty-six genera and 151 species of mollusca have been 
found here, or thirty-three genera and eighty-nine species of gasteropoda, and 
thirty-three genera and sixty-two species of pelycipoda, have been obtained from 
the Lutraria clay or ‘mud-bed.’ I may mention, among so many, the rarer shells 
that occur :— 

Certthium reticulatum, da Costa. = C. lima, Brug.—A Spanish, Portuguese, and 
Mediterranean shell, comparatively recent within our area. 

Fusus turricula (Pleurotoma).—A boreal Atlantic species, occurs in the Red Crag. 
Scarce in the Faluns and Bridlington. 
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Pecten polymorphus, Bronn.—Lisbon, Mediterranean, very rare fossil in Italian 
and Sicilian beds. 

Tapes decussata, ranges south but not north of British Islands. Common in the 
Mediterranean. 

Lutraria rugosa—Algeria and Morocco (living), also Canaries. South of 
Spain and Portugal. 

Syndosmya Boys: (Amphidesma).—Atlantic ; rare ; ranges to coast of Spain. 

Pholas crispata, Linn.— Rare on south coast of England, a Scandinavian species, 
and is found in the Crag. 

From ‘the assemblage of mollusca, and the patch of Pholas crispata in conjunc- 
tion with conditions of the deposit, we may infer that the relation of the land to 
sea-level was then much what it is now, or that these ledges of mud-beds in which 
this shell is found, then lay between tides.’ . Many of the bivalve mollusca 
(Pelycipoda) lived in and on this mud, which is evident from the position in which 
the shells are now found, especially the Mye, Lutrarie, and Pullastra (Tapes). 
‘This area,’ according to the views of Mr. Godwin-Austen, ‘must have been an en- 
closed salt-water lagoon. The list of shells must be considered a special one, the 
result of local conditions subordinate to, but indicative of, a much larger marine 
fauna which had its full development in some adjacent sea; and this fauna as a 
whole differed as much from that of the present Channel waters, as the fossil con- 
tents of the Selsea mud-deposits do from the mollusca now inhabiting the series of 
large creeks and lagoons extending from Fareham to Pagham.’ As regards the 
molluscan fauna of Selsea, some of which, now found on the Sussex coast, are es- 
sentially southern and western, they do not range further north, or into the German 
Ocean area, and this southern relation of the fauna of the Lower Selsea deposit 
(Lutraria mud-deposit) is further strikingly illustrated by the presence of the before- 
mentioned two remarkable species, Pecten polymorphus and Lutraria rugosa, neither 
of which are now known to range further north than Lisbon. ‘ We therefore have 
indications of a warmer condition of the waters of the English Channel, which 
allowed southern forms to range to a more northern latitude than now, and then 
a limitation of these forms to the area where now found, or in the Sussex deposits.’ 
The inference drawn by Mr. Godwin-Austen as to the manner in which the ele- 
phant’s remains occur in this Lutraria clay is an obvious and an interesting one, as 
it enables us to arrive at a relative geological date, showing that the lower estua- 
rine beds of Selsea and of the Sussex levels generally were contemporary with what 
is known as the period of the large mammalian fauna. 

Overlying this Lutraria or mud deposit, there occurs a tough, calcareous, sandy 
clay, with chalk, and chalk flints—waterworn and of large size. This Yellow 
Drift clay is of marine origin, determined by the associated mollusea; Littorina and 
Mytilus being disseminated through the mass. This deposit occurs over the whole 
of the Selsea peninsula, and extends inland beneath the Sussex levels. Besides the 
large masses of flints and materials from the chalk, oolitic rocks, and chert-sandstone 
from the Upper Greensand, resembling that occurring at Lyme and Charmouth, there 
are other rocks which, from their ‘ages, composition, origin, size, and condition,’ 
render the mode of accumulation a problem of great geological interest. ‘The rocks 
in question consist of grey porphyritic granites, red syenites, syenite, hornblendic 
greenstones, mica-schists, green fissile slates, masses of quartz from veins, siliceous 
sandstones,’ such as occur in the Palgozoic series (Lower Silurian) of Normandy, 
micaceous sandstone with orthides, probably from the Devonian beds, and blocks 
of compact limestone, whether from the Devonian series of Devon or the Cotentin 
(France), is uncertain,’ 

In size these older rocks range from coarse shingle up to masses of 20 tons 
weight, the granitic rocks being the most numerous and of the largest dimensions. 
A mass of porphyritie rock was exposed near Paghaim by coast-line denudation, 
measuring 27 feet in circumference. Whence came they, and how brought, or 
what the transporting agent beyond that of floating ice, we know not. I must 
refer you to Mr. R. Godwin-Austen’s original paper for matter of the highest 
interest relative to the origin and history of the yellow clay and the conglomerate 
bed, and later deposits in Sussex, as well as other phenomena bearing upon the 
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present aspect of this singular area—a description of the complex nature of the 
structure of which would here be out of place. ‘ What was the condition of the 
English Channel as to its coast-line when certain marginal accumulations were 
being formed?’ To answer this demands a profound acquaintance with the old 
physical geography of the district both of Northern France and Southern England. 

The Brick-earth—Above the yellow clay and mammalian gravels, the highest or 
uppermost deposit on the coast, there occurs a uniform bed of dark chocolate-coloured 
unstratified clay, averaging about 3 feet in thickness. This clay forms part of that 
great layer of earthy matter which overlies all the gravel and other beds of the 
Sussex levels, and is extensively used for brickmaking. This brick-earth is a 
subaérial deposit, probably occurring as the wash of a terrestrial surface under a 
greater rainfall than we have now. This deposit is conspicuously shown along the 
shore, and forms the low cliffs of Bracklesham Bay. To this period Mr. Godwin- 
Austen refers the ‘ Combe rock’ of Selsea. He then refers to the condition of the 
English Channel area, at the period of the Crag-deposits of the German Ocean. The 
author is disposed to the belief that this Channel area was mostly in the condition 
of dry land at the time that the area of the German Ocean was occupied by the 
Crag sea. The peculiar molluscan fauna of the Sussex deposits point to a limitation 
of a marine province in that direction, whilst their habits indicate at the same time 
shallow water and marginal conditions. The temperature of the water of the 
English Channel during the period of the Elephas primigenius, and its associates, 
was such as now occurs 12 degrees or nearly 80U miles further south. In 1871 
Mr. Alfred Bell examined with great care the fossil contents of the Lutraria clay or 
mud-deposit ; he has added materially to the hitherto published lists of contents 
of this deposit. The result proves it to be unique as regards the fauna. ‘Of the 
144 species of shells Mr. Bell states that 30 do not exist nearer than the West of 
England, the Channel Islands, North of Spain, 8 or 10 not passing this side or 
north of Gibraltar, all being littoral (or sub-littoral) species. As British Quaternary 
fossils 45 are peculiar to Selsea, and 20 others probably find here their earliest 
place in British geological history.’ Numerically the contents of this mud-deposit 
are as follows: mammalia, 5 genera and 6 species; mollusca (bivalves), 83 genera 
and 62 species; univalves, 32 genera and 80 species ; polyzoa, 2 species; crustacea, 
8 genera and 10 species; echinodermata, 2 genera and 2 species; foraminifera, 
9 genera and 10 species. Most of the fossils occur opposite Thorney coastguard 
station, where the Lutraria clay rises at intervals in low hummocks. The elephant 
remains appear to be those of £. antiquus. The tooth of E. meridionalis has also 
occurred here, an association resembling the Forest-bed of Cromer. In the Chichester 
Museum there exists the greater portion of a fine skeleton of E. antiquus obtained 
from this mud deposit. 

I have thus dwelt at some length upon these post-Pleiocene or Pleistocene beds 
at Selsea, owing to their local interest, and hope by so doing to induce any present 
who may be interested in the Quaternary geology of the British Islands, especially 
that of Sussex, to visit Bracklesham Bay and Selsea, near to which we are now 
assembled. 


Tuer Kocenr Formations or SELSEA AND BRACKLESHAM Bay. 


It is impossible to pass unnoticed the Eocene tertiaries that occur in Brackles- 
ham Bay, the stratigraphical position of which has long been settled, comprising 
the middle portion or fossiliferous division of the Bagshot Series. The Bracklesham 
beds take their name from the Bay in which they are so characteristically developed, 
yet difficult to clearly understand. The main divisions extend from Wittering, 
on the west, to the Barn Rocks, east of Selsea Bill, a distance of seven miles. 

The Hampshire basin alone, in England, contains the nummulitic series, no 
fossiliferous representative being known in the London basin. 

About a mile to the east of Selsea Billis situated the ‘ Park bed.’ This Park bed 
is analogous or equivalent to the ‘Calcaire grossier’ of Grignon, in the Paris basin," 
It contains thousands of Nummulina levigata associated with Perna, Bulla, Cyprea, 


~. 1! Four hundred species of Mollusca have been found in the French deposits. 
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Solen, besides the well-known coral Litharea Websteri. The Park bed is situated 
close to the shore, and is accessible atlow water. It is here at low spring tides that 
the very recent post-Pleiocene beds may be seen overlying the Eocene deposits, At 
the Bill the Eocene beds are shown at low water in large detached portions called 
the ‘Clibs,’ the larger portion lying to the south-west, and the so-called ‘ Mixen Rocks,’ 
marked by the ‘ Mixen Pole,’ trend about a mile out in the sea. From these rocks, 
which extend a mile and a half east and west, and varying from 200 to 400 yards 
wide, is procured the Alveolina or foraminiferal limestone; the ‘ Clibs’ rock contains 
scarcely any other fossil remains. The Houngate Rocks, the same asthe Mizen, are 
situated opposite Old Thorney Station House, and visible at low water; they are 
nearly a mile in extent, and vary from 50 to 60 yards in width. Certain fossils 
have given names to the beds that range through the bay. The remarkable shells 
Cyprea Coombit, the great Ceritheum (C. giganteum), and C. cornucopie, Veneri- 
cardia planicosta, Turritella terebellata, Conus diadema, &c., amongst many others, 
aid us to determine the beds stratigraphically ; locally the ‘Barn bed,’ ‘ Palate 
bed,’ ‘ Venericardia bed,’ the ‘ Park,’ &c., serve to mark horizons of importance. 

Opposite the New Thorney Station are the Scrobicularia or Lutraria clays or 
mud deposits from which the elephant remains were obtained. 

The Rey. Osmond Fisher, in his description of the ‘ Bracklesham beds’ of the 
Isle of Wight basin, restricts the name to a group of strata rich in organic 
remains, the greater part of which are displayed at low water upon the shore at 
Bracklesham Bay in Sussex. He also includes under that name higher beds than 
any seen at Bracklesham Bay that occur at Stubbington and the New Forest. He 
groups certain strata which appear to intervene between the base of the Barton 
series and the highest beds at Bracklesham Bay on account of their containing 
an assemblage of fossils more akin to the fauna of the Bracklesham than the 
Barton. 

‘No marine fossiliferous beds are known below the lowest at Bracklesham Bay, 
until we reach the Bognor Rock of the London clay—at Bognor—except it be a 
thin stratum of clay at the very base of the Bracklesham series at Whitecliff Bay. 
The following shells range through the Bracklesham group, and are confined to it, 
viz., Venericardia planicosta, Sanguinolaria Hollowaysii, Solen obliquus, Cytherea 
suberycinoides, Voluta cithara, Turritella sulcifera, and Pecten corneus; the last- 
named species occurs in the High Cliff beds.’ The Rev. O.- Fisher, through the 
confined range of certain species, has divided the whole series into four prin- 
cipal groups. Vide ‘Quarterly Journal of the Geological Society,’ vol. xviii. 
pp- 66-75. 


Group A The upper, abounding in gasteropoda, and has one of its fossil beds 
in the eastern part of its range full of Nwmmulina variolaria. 

Group B is more sandy in its general condition, and distinguished by the 
presence of the large gasteropoda. Cerithium giganteum, Nummulina 
vartolaria, occurs in this member at Whiteclitf Bay. 

Group C Sandy like the last, but its chief fossil-bearing bed is profusely 
crowded with Nummulina levigata. 

Group D embraces the lowest fossiliferous sands of Bracklesham Bay. The. 
distinctive shells are Cardita acuticosta and Cyprea tuberculosa. 


Bracklesham beds at Whitecliff Bay.—These beds rest on the Lower Bagshot 
sands, and agree with bed No. 6 of Professor Prestwich’s section, their base being 
distinguished by a bed of rolled flint pebbles about 1 foot in thickness. 

Reading in descending order Mr, Fisher’s group A, including the beds xix., 
XVili., Xvil., XVi., Xv., Xiv., and xiii., correspond with the beds numbered 17, 16, 
15, and 14 in Professor Prestwich’s ; together they measure 254 feet. The position 
of the beds here renders them easily accessible ‘at Bracklesham Bay, but they are 
nearly horizontal, and consequently must be paced to be understood. Beds 
No. xvii. and xiv. of Group A are the most fossiliferous, and both contain 
Nummulina variolaria. 

Mr. Fisher's Group B includes beds xii., xi., x., and ix., or Professor Prest- 


oa 
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wich’s No, 13. No. ix. of Fisher and 13 of Prestwich is the chief fossiliferous bed. 
Nummulina variolaria, Voluta nodosa, and Sanguinolaria Hollowaysii, are the chief 
fossils in this bed; the thickness of the group is only 27 feet. 

Group ©, with beds viii., vii., and xi., correspond to Professor Prestwich’s 
Nos. 2 and 1]. No. vii. contains the distinctive and characteristic nummulite, NV. 
levigata, also equally abundant at Bracklesham Bay with Sanguinolaria Hollowaysii. 
Bed No. vi. of Fisher, and No. 1 of Prestwich, is very fossiliferous. These 3 beds 
measure 128 feet. 

Group D is composed of beds No. v., iv., iii., ii., and i., or Nos. 10, 9, 8, 7, and 
6 of Prestwich. The only fossiliferous bed in this group is No. iv. of Fisher, and 9 

_ of Prestwich, in which the great Venericardia planicosta abounds, as at Brackles- 
ham Bay, the fine shell Cyprea tuberculosa not occurring at Whitecliff Bay. The 
beds comprising this group are 25] feet thick; in all, the Bracklesham beds 
at Whitecliff Bay measure 653 feet. I have deemed it important to partly 
particularize this remarkable section at Whitecliff Bay by way of comparison 
with the fine section shown at low water in Bracklesham Bay, where the beds 
occupy the shallow shore for 3} to 4 miles, and are nearly horizontal, or dip 
S. by E., with a strike of W. by S. and E, by N. So nearly level are the beds, 
that there is no opportunity given to measure the dip or thickness with accuracy. 
Mr. Fisher, in his excellent section, has given the order of succession of the beds, 
and the distances between the outcrops. The beds exposed towards, or near 
Selsea Bill, belong to the upper members, and their strike is nearly tangential to 
the shore, consequently we continue our walk upon the same outcrop for a long 

_ distance in step-like planes. I give the Rev. O. Fisher’s section and sequence 

_ round Selsea Bill as he observed them, as a guide to those who may visit the area. 
Vide ‘ Quarterly Journal of the Geological Society,’ Joc. cit. 

Commencing at a spit of gravel seen at low water off ‘the Bill,’ brought 
together by the meeting of the tides from the ‘ Park’ and Bracklesham Bay, and 
going westward or towards Wittering, we have the following ascending section :!'— 

. Paces 

‘ Beds then covered with sea sand : - . 5 5 

Outcrop of septaria, on sandy clay weathered green beds 
covered with sea sand. - : - : : oe? 7/ 
Hard dark grey, sandy bed, nummulitic in upper part (num- 
mulites abundant at 216 paces, concretions at 226 paces). 420 
Nummulina variolaria, and other foraminifera in clay . . d24 
‘Taking up this last-named bed again as being the highest distinguishable at this 
place, we then have the general descending series along nearly 3 miles of the shore’ 
westwards. 


Descending Section of Bracklesham Beds at Bracklesham Bay. 


Paces 

22. Clay—Nummulina variolaria, Alveolina sabulosa, Quin- 
queloculina, Hawerina, Biloculina ringens, Rotalia obscura, 
Turbinolia sulcata, &e. : : : : s 5 
| 21. Hard calc, sand ; ‘Harp Ben’ foraminifera, Telline . . 140 
A" 20. Greyish clay with Corbule and Nummuline . d . 120 


19 (d). Dark clay (Cypriea bed, Dixon) . : ‘ . . 460 
18, Sandy clay containing same shells as 19(d@) : : . 66 
1 aes yy green foss. in upper part . : ; : . 194 
| Pleistocene mud? . : : ‘ 3 . : a l12 
l Green sandy clay . - : * - - 5 . 3800 


1 Every yard of this bay and its extended beds were measured and paced, and \ 
_ the map constructed by Mr. Bristow and myself, and the fossils observed inthe 
numerous thin beds comprising the section. =a 
? These clay beds are nearly modern in age, and cover up unconformably the under- 
lying Bracklesham beds. 
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} Paces 
(16 (e). Sand full of casts, bivalves . shes: uglo'® ric - 218 
Pleistocene mud + . : : Sailr - 80 
15. Hard sand, weathered green 70 

| 14, Shelly sand, greenish-brown, full of fossils, Corithia and 
B 1 Cytherea striatula (Little bed) . 29 
13. Dark sandy clay with Turrztella imbr icata . . 240 


| Pleistocene clay, laminated, with Ostrea edulis, &el 4 - 124 

| 12(f). Dark clayey sand with numerous Cer ithium giganteum, 
Pectunculus pulvinatus, &e. &e. - 163 

i 11. Septaria, resting on shelly sand with lack flint pebbles . 150 


10. Laminated liver-coloured clays, sandy towards the bottom 246 


9. Ostrea tenera bed, 18 inches thick 52 
8. Dark green sand, full of broken a Pectunculus pul- 
vinatus, Lucina, Bulla Edwardsit . ; 

Towards upper part (79 paces less) . 175 


Shelly in the middle (48) ene in T urritella terebel- 
lata at the base 


7. Soft laminated dark-coloured clay ; : 177 

Pleistocene mud, out of which in ee protrudes a clay 
weathered green! , 5 f 288 

{ 6(g). Nummulina levigata bed, with numerous fossils (Little 
| Park bed) . . 1D CURE AY CL OA See es 
5. Sandy clay, weathered green. 107 

| Beds covered partly w ith sea-sand and partly with Pleisto- 
cene mud 105 

C4 4(h). Dark mottled sandy clay, shells and scattered nummu- 
| lites, fish and serpent remains a Palate bed ) . . 184 
Covered with sea sand 3 . 96 
| 8. Dark sandy clay ; : : 5 5 . 63 
| Fidei ae pS broken shell8. =.) )) 
L_ Covered.” age - bee eS 
. Turritella bed, 7. soe icataria and r. Hees a. , 2 

iL Soptan ia containing shells and occasionally Rostellaria ampla 

(G8 paces), resting on a mass of Venericardia planicosta 

| and C. acutwrostra; the lower part of the bed is Green- 

D sand crowded with shells, among which, immediately 

| beneath the Cardite, the Cyprea tuberculosa occurs. The 

bed then becomes less fossiliferous, and passes into a dark 

| grey laminated clay, broken up and re-arranged, mixed 
L with dark sand and black pebbles (‘Barn bed, Dixon) . 330 


5,016 
Below this no fossils found. 
The Park on East side of Selsea and the Mixen Rocks. 
On the east side of Selsea peninsula, the highest bed seen is the Mwmmudlina 
levigata bed, rich in fossils. All the succeeding beds down to the Venericardia plans 


costa bed are usually exposed at ‘ the Park.’ 
Mixen Rocks.—A ledge, one mile south of Selsea Bill, composed of a sd 


and an Alveolina, continuation of No. 22(6) only more calcareous. 


BovuRNEMOUTH AREA. 

The geology of this remarkable area has received attention from several 
explorers: Sir Charles Lyell in 1826, Professor Prestwich in 1848, the Rey. O. 
Fisher in 1861 ; and in the year 1878 Mr. John Starkie Gardner prepared and read 
an able paper on the ‘ Description and Correlation of the Bournemouth Beds,’ Part I., 

1 These claw heds are nearly modern in age, and cover up unconformably the under- 
lying Bracklesham beds. 
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the Upper Marine Series,! treating of the coast section between Bournemouth and 
Highcliff; and a second paper, Part II., on the lower or Freshwater series.2 He 
states his reason for differing from the previous writers upon the succession of the 
beds and their correlation with other localities. Mr. Gardner’s researches are in- 
tended to show that the celebrated Bournemouth leaf-beds immediately underlie the 
true Bracklesham series, and are, unlike those of Alum Bay, of Middle and not of 
Lower Bagshot period, hitherto the received view as to their age. The author has 
also ascertained that a great portion of the cliffs between Hengistbury Head and 
Bournemouth are of marine origin, and highly fossiliferous. These marine beds 
comprise two distinct characters, which the author traces across to Alum Bay in 
the Isle of Wight. Mr. Gardner also differs from the Geological Survey in be- 
lieving ‘ that the so-called Upper Bagshot beds of the London basin do not belong 
to that series, but are the equivalents of his Boscombe sands; these sands, and 
the marine Bournemouth beds being, according to his researches, the western equiva- 
lents, or extreme shore-condition of the Bracklesham sea.’ 

At Highcliff, nearly under Rothsay Castle, both the Barton and the Brackles- 
ham series are exposed, the Barton being not more than 10 feet in thickness, and 
the subjacent Bracklesham 40 feet. The section is revealed to the sea-level, and there- 
fore highly instructive. The Highcliff sands conformably underlie the Barton and 
Hordwell series at an angle of 2° to the E. The remarkable promontory of 
Hengistbury Head is mainly composed of strata contemporaneous with the Brack- 
lesham series; these Mr. Gardner would for convenience call thei Bournemouth 
beds. Hengistbury promontory in shape resembles a parallelogram obliquely trun- 
cated at its northern extremity. The cliffs facing the sea on the south are about 
50 feet high, increasing to 100 feet on the north, both presenting bold escarpments 
to the sea. ‘The succession of the strata at Hengistbury Head, reading upwards, 
comprises, 1, the Boscombe sands ; 2, a lower series of sand with green grains, and 
an upper bed with ironstone; and 3, the white Highcliff sand. The white sands 
at Highcliff are 30 feet thick, being 12 feet thinner than the equivalent beds 
at Alum Bay, where they measure about 42 feet.’ The lowest series in the cliffs 
at the headland Mr. Gardner terms the ‘Boscombe sands,’ which without any 
doubt represents the chief mass of ‘brilliantly coloured sands, about 750 feet thick, 
at Alum Bay, known to all explorers of the island. These coloured sands are 
numbered 25 and 26 in Professor Prestwich’s section of the vertical beds in Alum 
Bay.’ Mr. Gardner also notices another hill similar in contour to that of Hengist- 
bury, about three miles to the north of the Head. This, St. Catherine’s Hill, 
possesses, like the headland, similar physical features, being flat-topped and having 
abrupt escarpments on all sides, and 160 feet high. Both the Highcliff sand and 
the Hengistbury beds occur in this hill, showing their connection and continuity 
inland with the coast section. ‘The correlation of the Hengisthury Head series 
on the mainland with those of Alum Bay across the Solent admits of little doubt, 
and they would appear to be represented at Alum Bay by the Highcliff sands, 25 
feet in thickness, and equivalent to bed No. 28 in Professor Prestwich’s section. 
The Hengistbury Head beds appear to be the equivalents of bed No. 27 in the 
Alum Bay section. The Boscombe sands represent beds No. 26 and 25 of Prest- 
wich in Alum Bay, where they are 150 feet thick. It can be conclusively seen, 
from examination of the cliffs in the Bay from Hengistbury to Bournemouth, that 
there is a general sequence, and that the strata have an amount of dip or inclina- 
tion sufficient, in so extended a distance, to expose two complete series of beds, 
the upper series being the continuation of the Boscombe estuarine sands, 100 feet 
thick, and the lower series of sands and clays, of marine origin, which Mr. Gardner 
has provisionally termed the Bournemouth marine beds.’ With Mr. Gardner’s 
paper in hand the most minute details of the coast may be followed,‘ from the 

ead towards Bournemouth. These, both for physical and paleontological details, 


1 Quarterly Jowrnal of the Geological Society, vol. xxxv. pp. 202-228. 
? Quarterly Journal of the Geological Society, vol. xxxviii. pp. 1-15. 
§ Quarterly Journal of the Geological Society, vol. ii. pp, 223-259. 

4 Lae. cit. pp. 217-226. 
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I must therefore refer you to, as giving step by step an analysis of the structure of 
the cliffs, and the flora contained in the clays and sandy series of which they are 
composed. This flora of the Bournemouth marine beds may be referred to the Middle 
Bagshot series, and the Bracklesham division, possibly representing the same stage 
in the London basin, and it would appear from careful consideration of the Middle 
and Upper Bagshots that no Eocene beds younger than the Bracklesham are met 
with in the London area, a geological fact of much significance as compared with 
the complete succession of the Eocene series as developed in the Hampshire basin, 
and that of their equivalents in the basin of Paris. Mr. Gardner believes that 
‘the fossil plant remains of the Bournemouth beds, especially those in the marine 
series, are of the same age as those in the Bovey Tracey deposits, which have been 
wrongly assigned to the Miocene period, believing, in fact that they are simply an 
outlier of the Bournemouth series, now 80 miles to the west,’ but formerly and 
originally connected as a western extension of the Bournemouth deposits. 

Comparison of the flora of the two areas shows a close affinity, if not identity 
of species, Osmunda lignata, Lastrea Bunburyi, Palmacites demonorops, the 
fruits, conifers, and dicotyledons being not only specifically identical, but occur 
in the same combinations and manner of preservation,’ loc. cit. pp. 227, 228. Poly- 
podium, Chrysodium, Pteris, and Osmunda, amongst the ferns ; Eucalyptus, branches 
of Sequoia, pods and leaves of the Leguminose, Mipadites, Dryandra, Cacti, Anona, 
Hightea, &c. occur in the beds constituting the western termination of the Bourne- 
mouth marine series. The fauna testifies to its marine derivation by the genus Ostrea, 
Arca, Modiola, Tellina, Calyptrea, Phorus, Natica, and Cerithium. The crustacea, 
through Callianassa, and a shore crab, with Bryozoa (Flustra), need no other com- 
ment. The changing physical characters of the beds of the Bournemouth series, 
both horizontally and vertically, the marshy character of the flora, ‘as represented 
by the ferns, aroids, Eucalyptus, &c., the patches of clay, in which the water-plants, 
ferns, &c. may have rooted, the local patches of ironstone, the intercalated marine 
beds and their fauna, mingled with unios, clearly shows that this was the debateable 
ground between sea and river, beyond which to the west it would appear the sea 
never then penetrated.’ In February of the present year, Mr. Gardner communi- 
cated to the Geological Society his second paper on these Bournemouth beds, being 
a continuation of his former notice, but in this his researches are confined to the 
history of the ‘ Lower or Freshwater Series’! of the Bournemouth area. The 
author describes the geological structure of the Eocene cliffs as far as Poole harbour. 
All the strata between Bournemouth and Poole harbour are of freshwater origin, 
and highly interesting on account of the fossil flora recently obtained from them by 
Mr. Gardner—undoubtedly the most extensive, richest, and most varied hitherto 
discovered or extracted from the Tertiary formations. No less than nineteen species 
of ferns have been described from these beds. Only ten species have been met with 
in all the other British Eocene deposits, including the famous Bovey Tracey beds, 
and three of these ten are also found at Bournemouth. Sir C. Lyell, in 1827, the 
Rey. P. B. Brodie, in 1842, Mantell, in 1844, Prof. Prestwich, in 1847, Trimmer, in 
1855, De la Harpe, in 1856, and Heer, in 1859, have all written upon the flora 
and its associated conditions, origin, &c. In 1862, the Geological Survey, through 
the Memoir by Forbes and Bristow upon the Isle of Wight, held the view that the 
fossil flora of Bournemouth, Corfe, and Alum Bay, were identical, although few 
species were common to these localities. ‘The cliffs comprising the Bournemouth 
freshwater series extend from Poole harbour on the west, to beyond Bourne- 
mouth, and present escarpments averaging about 100 feet in height, composed of 
yellow, white, orange and black sands and clays, crowned with fir-trees or pine 
woods.’ 

Mr. Gardner places these Bournemouth beds in the Middle Bagshots, drawing 
the line between these and the Lower Bagshots at the pipe-clay beds of Corfe, Stud- 
land, and Alum Bay in the Isle of Wight. This line of division is drawn on account 
of the great dissimilarity of the flora contained in each. The Bournemouth flora, 
which is distinct from the older, or Alum Bay series, passes up into the so-called 


1 Quarterly Journal of the Geological Society, vol. xxxviii. p. 1. 
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Oligocene without any perceptible change or break; but few, or none, of the same 
species pass down or occur with the Alum Bay beds. 

These Middle Bagshots are represented in Alum Bay by the unfossiliferous 
beds marked 19 to 24 in Professor Prestwich’s section,! and are 240 feet thick. 
Palxontologically, these beds may he correlated with the continental Eocenes, pro- 
bably those of Aix-la-Chapelle. The cliffs fronting the sea may be divided into 
three groups. The first extends from Poole Harbour to Bateman’s Chine, the 
second group extends from the Sugar-loaf Chine to Watering Chine, the third 
section or group extends from Watering Chine to the Bourne Valley.? The chief 
interest attached to the Bournemouth beds is the flora distributed chiefly through 
the ‘ Lower or Freshwater Series.’ None of the prevailing Alum Bay types are found 
at Bournemouth, nor are any of the well-known Bournemouth types found at Alum 
Bay, and according to Mr. Gardner, their affinities are completely with the floras 
ascribed in France to the Oligocene, and the forms of flora as at present known, 
chiefly Australian and tropical American. 

The author has endeavoured to show that ‘a great river existed throughout the 
whole of Kocene times, bringing deposits from the westward, and that the Bourne- 
mouth cliffs present a section across its ‘bed, these deposits being formed during a 
continued period of subsidence.’ ‘The sudden change observed in the beds from 
fine to coarse sediment, and the thickness of the deposit, cannot be explained by the 
floods and freshets incidental to changing seasons, but are such as would occur 
whenever subsidence exceeded, in however trifling a degree, the silting up power 
of the river, Joc. cit. p. 18. 

It is a question of importance whether the continental floras similar to our own 
at Bournemouth have been correctly determined. ‘ For while all the strata that 
have yielded dicotyledonous leaves or fruits below our Headon series are admitted 
to be Hocene, scarcely any of the beds on the Continent resembling them are 
ascribed to that age,’ but to the Miocene. ‘For as all Eocene floras approximate 
more or less to Miocene, it has been a kind of rule in the absence of stratigraphical 
evidence, to assume that all isolated patches with dicotyledons, belonged to the 
latter period,’ and had the stratigraphical evidence at Bournemouth been incon- 
clusive, the whole of that Eocene formation must also upon plant evidence (for we 
have no other) have been classed as Miocene. 

The Lower Freshwater series is seen in the neighbourhood of Corfe and some 

arts of the cliffs at Studland. It is characterised by abundance of pipe-clays, and 
is about 200 feet thick. 

The Middle Freshwater series also occurs at Corfe and Studland, and forms 
the whole thickness of the cliffs between Poole Harbour and Bournemouth, thus 
constituting a fine section, 4 miles long and 100 feet in height. 

The next series is marine, and about 400 to 500 feet thick. This marine group 
occupies the cliffs between Boscombe and High Cliff. 

The Bournemouth flora appears to consist principally of trees or hardwood shrubs, 
few remains of herbaceous plants being preserved. The ferns are rare in the lower 
part of the series, but become more abundant, almost to the exclusion of other 
vegetation, towards the close of the middle period. 

The prevailing group appears to be that of Acrostichum, of which there were 
many species. -Angiopteris, Nephrodium, Gileichenia, and Lygodium, and other 
undescribed forms occur. 

Among the Conifere, Cupressus, Taxodium, and Dacridium, with indications of 
pinus. The Cycade seem to have disappeared. 

The monocotyledons are well represented by reeds and rushes. Nipadites 
represents the screw pines. The palms are very abundant, especially in the lower- 
most beds of Corfe and Studland and the upper middle beds of Bournemouth; 
many Fvabellaria, Sabal, and Phenicites occur; the Smilacez occur in all the 


_ fossiliferous beds, and are represented by five or six species, 


1 Quarterly Journal of the Geological Society, vol. x. p. 56. 

* For particulars of these three groups, see Quarterly Journal of the Geological 
Society, xxxviii. pp. 5-8. 
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The Apetale, illustrated by Populus, Ulmus, Laurus, Quercus, Artocarpidium, 
and Daphnogena, with Carpinus, Fagus, Castanea, Salix, and Ficus, and numerous 
Proteacezx. 

Eleodendron, Rhamnus, Prunus, Juglans, Cluytia, Ceratopetalum, with Dodonea, 
Celastrus, Eucalyptus, and many Leguminose, illustrate and characterise the Poly- 

etalee. 
: Cactus and Stenocarpus are added for the first time to the Eocene dicotyledons. 

My. Gardner believes that we have probably represented almost every genus 
descended from Continental floras. 

The Eocene flora presents us with types peculiar to the Southern Hemisphere, 
and related to those of Australia and the adjacent islands. We have examples of 
this southern flora through the Proteacee, Leguninose, Conifere, and the Myrtaceae, 
through Lucalyptus.* 

IstE or WIGHT. 


The present rhomboidal form or configuration of the Isle of Wight is due partly 
to the unequal action of the sea on its coast line, and partly to those disturbances 
or movements which have thrown some of its strata into the positions exhibited at 
Seratchell’s Bay, Alum Bay, and Whitecliff Bay. 

The rapid waste of the cliffs going on at Sandown and Freshwater Bays is due 
to the action of the sea, the Lower Greensand and Wealden strata there exposed 
being more easily destroyed than the chalk. 

The leading physical feature in the structure of the Isle of Wight consists in 
the ridge of high and bare chalk downs near the centre of the island extending from 
the Needles on the west to Culver Cliff on the east. Another chalk range parallel 
to the former, but on the south of the island, extends from St. Catherine’s Down on 
the west to Boniface Down on the east. In the space occupied between these two 
chalk ranges (upper cretaceous rocks), there occurs the complete succession of the 
lower cretaceous and lacustrine Wealden groups, comprising the Hastings sand and 
Weald clay exposed at Compton Bay and Rock Point on the west, and Sandown 
Bay on the eastern side. The central ridge is depressed and cut through by trans- 
verse valleys; such occur at Freshwater Gate, Shaleombe, Calbourn, and by the 
Carisbrook, Medina, and Brading valleys. ‘All these breaks may possibly be on 
lines of faults running or cutting through at right angles to the strike of the 
chalk.’ 

The part of the Isle of Wight which lies to the north of the central chalk 
range is entirely composed of the older Tertiary or Eocene strata. The only 
fault of magnitude known in the island is that occurring along the line of the 
Medina valley. Those on the eastern side of the river are the Headon, Osborne, 
and St. Helen’s series. The rocks at West Cowes, or west of the Medina, belong 
to the Bembridge marls or fluvio-marine series. ‘ From the known thickness of the 
several groups the amount of displacement which takes place on the line of fault 
between East and West Cowes, or along the line of the Medina, cannot be less than 
200 feet.’ 

The longitudinal undulations affecting or disturbing the Tertiary strata north of 
the chalk ridges are less obvious than those above described. The chief flexures 
which are in immediate sequence with the chalk are exhibited both at Whitecliff 
and Alum Bays, where the Lower and Middle Tertiaries are inclined at very high 
. angles. 

The first set, or the east and west undulations, are connected with the movement 
that elevated the chalk vertically. The north and south undulations also affect the 
chalk, since each north and south valley formed by the synclinal curve or hollow of 
the roll, corresponds to the division between the two chalk downs, and each down 
to an anticlinal. All the Lower Tertiary strata, including the fluvio-marine beds, are 
affected by these movements. 

1 Mr. Gardner has been greatly aided in his floral researches by Baron Constantin 
Ettingshausen, Ph.D., who has brought to bear his great knowledge of fossil plants 
and their distribution through the higher Tertiaries. The joint monograph by Messrs. 
Gardner and Ettingshausen on the ‘ British Eocene Flora,’ in the Palzeontographical 
Society’s volumes for 1879 is of the highest value to Paleeobotanical students. 
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The gravel beds, which rest upon the older Tertiary strata, whether the oldest or 
higher level gravels, or the newer, such as those which occupy the combes and 
transverse valleys, are unaffected by these movements, showing that their origin is 
subsequent to the disturbing forces which affected the Secondary and Tertiary rocks 
below them or on which they rest. 


Lower Tertrary Strata oF THE Iste or WicHT. 

The Lower and Middle Eocene strata of the Isle of Wight, especially up to the 
base of the fluvio-marine series, may be better studied in the cliffs in Alum Bay and 
Whitecliff Bay than in any other part of the island. 

In these remarkable sections the whole of the strata from the chalk to the fluvio- 
marine formation are displayed in unbroken succession. 


Prastic Chay. 


‘The lowest member of this group of strata in the Isle of Wight is the Plastic 
Clay, or Woolwich and Reading series of Mr. Prestwich.’ These beds are best ex- 
amined in Whitecliff Bay and Alum Bay, especially the former, where the mottled 
beds are well exposed. No fossils have occurred in the plastic clay of the island. 
Seven beds haye been recognised, the whole measuring 85 fect; they constitute a 
narrow belt striking across the island, resting on the chalk. 

The London clay succeeds the plastic clay, and also forms a narrow belt extending 
across the island from the west coast at Alum Bay to the east at Whitecliff or 
Culver Cliff; its thickness is about 200 feet. A band of flint pebbles only 2 inches 
thick divides the plastic clay from the London clay, representing the basement bed 
of Mr. Prestwich. Nowhere in Britain can the London clay be so advantageously 
studied as at Whitecliff Bay, or where the characteristic fossils are better exposed. 
Twenty-five to thirty characteristic species may he collected here. Amongst others 
may be named Pinna affinis, Pectunculus brevirostris, Pholadomya margaritacea, 
Panopea intermedia, and Modiola elegans. The annelide Ditrupa plana belongs 
essentially to the London clay. 

Mrppre Eocene. 
Lower Bagshot Beds. 

Joshua Trimmer, in 1850, first applied the term Bagshot to the whole series of 
strata in Alum Bay and Whitecliff Bay, dividing it into upper, middle, and lower, 
thus correlating it with the corresponding series in the London area which had 
been previously established by Professor Prestwich. 

The Lower Bagshot beds are greatly developed in the Isle of Wight, attaining 
a thickness in Alum Bay of 660 feet, the most important genera being Eleodendron, 
Taxites, Quercus, Juglans, Daphnogene, Laurus, Cesalpinia, Cassia, Ficus, Dryandra, 
Rhamnus and Sabal, &e. They comprise a series of variously-coloured unfossili- 
ferous sands and clays, with accompanying iron-sandstone and clay. These last 
beds are in one place crowded with the leaves of sub-tropical land plants illustrating 
no less than 19 families, 26 genera, and about 50 species: the Araliacee, Casua- 
rinacee, Celastracee, Conifere, Cornacee, Cunoniacee, Cupulifere, Cycade, Ebenacee, 
Euphorbiacee, Juglande, Laurinee, Leguminose, Moree, Palme, Proteaceae, 
Rhamnee, Sapindacee, and Tiliacee. The same strata at Bournemouth and Corfe 
Castle in Dorsetshire exhibit an identical but also richer flora. Out of the great series 
found at Bournemouth through the researches of Mr. J. Gardner, fifteen or 
sixteen species occur in the pipe-clays of Alum Bay. As a whole they indicate a 
rather high temperature. The flora of the Lower Miocene beds, well known in 
Central Europe, has some affinities with that of our Hampshire basin. 

The tropical or sub-tropical character of the London clay plants was long ago 
worked out by Dr. Bowerbank, but it was reserved for Dr. De la Harpe to carry his 
comparison into the Middle Eocene beds, and to show that there had been only a 
moderate decrease of temperature, so far as plants could show; in the time occupied © 
by the deposition of the Bagshot or Bracklesham sands. The marine fauna of the ° 
same period fully bears out this conclusion, there being no essential difference 
_ between the fossils of the London clay and those of the Bagshot, or even the | 
Barton beds, which would indicate a marked change of climate. 

LL2 
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The flora of the Alum Bay beds is especially distinguished by the number and 
variety of its Leguminosx. The plant-contents of the Lower Bagshot beds of Alum 
Bay approximate to that of the London clay by the predominance of plants of this 
family, forty-seven species of which were obtained by Mr. Bowerbank. 

The junction between the London clay and the Lower Bagshot is clearly seen 
i Whitecliff Bay, the brown ferruginous clay representing the former, and the 
latter being represented by pale grey or white sands about 40 feet thick. In the 
640 feet of these Lower Bagshot beds at Alum Bay no other fossils are known 
than plants, and about 60 species occur. 


MipptE BacsHot SERIEs. 


Bracklesham Beds. 


The strata comprised between the sands at the base of Headon Hill, and the 
pipe-clay bearing sands and clays (Lower Bagshots), overlying the London clay, 
are subdivided into Barton clay and Bracklesham beds. The Bracklesham beds in 
Alum Bay are represented by clays and marls in the lower part, and by white, 
yellow, and crimson sands above. The lower beds are remarkable for the quantity 
of lignites, coaly or vegetable matter contained in them, constituting beds from 
35 inches to 2 feet in thickness. The black and coal-like appearance of four of 
these beds are conspicuous and marked objects in the cliff, and determine the 
position of the Bracklesham series. 

The uppermost beds of the series, or the yellow, white, and crimson sands, are 
anfossiliferous. At Whitecliff Bay the lower part of the Bracklesham beds are 
green, clayey sands, containing Venericardia planicosta, Turritella imbricataria, and 
Nummulites levigatus. Six zones of fossils are there recognised. A hard bed of 
conglomerate composed of rounded flint pebbles in a ferruginous cement is also 
a marked feature in the cliffs at Alum Bay, defining the division between the 
Bracklesham beds and the overlying Barton clay. 


Barton Clay. 


The Barton series, composed of sandy clays and sands with layers of septaria, 
is sufficiently shown in Alum Bay, where it attains a thickness of 300 feet, and is 
rich in fossil remains, the whole of which are marine; 48 genera and 90 species of 
zaollusea alone have occurred at Alum Bay. 

At Barton Cliff, on the mainland, or opposite coast of Hampshire, a rich and 
abundant marine molluscan fauna occurs. The lower beds at Alum Bay contain 
Voluta luctatrix, Rimella (Rostellaria) rimosa, Conus or Conorbis dormitor, and 
Pusus longevus, with Crassatella sulcata, &c. 


Urrrer BacsHot Sanps. 


These are the unfossiliferous sands below the Lower Headon beds, used 
extensively for glass-making, which may he 150 feet thick at Alum Bay. In 
Whitecliff Bay the junction between the Upper Bagshot sands and the Barton 
elay is sharp and well-defined; a few casts of fossils occur here, but in so friable 
a state that they cannot be removed. 

Examination of the cliffs at Alum Bay will at once show that the strata from 
the chalk to the Upper Bagshots are highly inclined, caused by the force that 
produced the anticlinal axis which traverses the island east and west, and this 
axis brings to the surface the Wealden beds in Brixton and Sandown Bays, thus 
revealing the extent and continuity of the Wealden series, and determining its 
presence westward in the Isle of Purbeck along the same east and west line of 
elevation. Eastward of the Isle of Wight this axis is lost under the waters of the 
English Channel, and we have no visible proof of its influence towards Beachy 
Head; it may have aided in preparing a weakened line for the course of the 
€hannel towards the Straits of Dover. These beds at Hordwell Cliff have been 
the subject of a notice by Mr. Tawney in the ‘ Proceedings of the Cambridge 
Philosophical Society,’ and will be referred to in the latter part of my address. 
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Heapon Series. 170 FEEr THICK. 


Best seen at Headon Hill, Colwell Bay, and at Whitecliff Bay, and their lowest 
divisions at Hordwell. Everywhere Planorbis ewomphalus characterises the fresh- 


- water bands. 


Potamomya plana and Cerithium pseudocinctum abound in the brackish-water 
beds. Cytherea (Venus) incrassata, accompanied by many shells, occurs in the 
marine diyision. 

The group may be divided into three sections: Upper, Middle, and Lower 

Headon. 
Upper Headons.—These constitute the greater portion of the Upper Freshwater 
series, The mass of freshwater limestone in Headon Bill belongs to this section. 
Brackish in the upper part, abounding in Potamomya and Cyrena obovata, at Clift 
End they contain a Cyrena (like C. pulchra). Cerithium trizonatum occurs here 
abundantly, and Bulimus polhtus and Melania muricata abound. 

Middle Headons. ‘ The Headon intermarine or Upper marine formation. —At 
Headon Hill these deposits were deposited under brackish-water conditions, for, 
although Ostrea, Cytherea incrassata, Nucula deltoidea, Natica depressa, Buccinum 
labtatum, and other sea-shells are common, the upper and lower beds abound in 
Cerithium ventricosum, Cerithium concavum, Cerithium pseudocinctum, Neritina con- 
cava, Nematura, §c. which are brackish or estuarine. A short distance further 
north, in Colwell Bay, the upper and lower beds contain brackish-water shells; but 
the central part assumes a distinctly marine character. Ostrea velata, S. Wood, isa 
characteristic species with numerous marine genera, many of which are of Barton 
types. This central part is known as the ‘ Venus bed,’ from the presence of 
Cytherea merassata. ‘The marine character ofthe Middle Headon beds is still more 
strongly marked at Whitecliff Bay (22 genera). The lower portion of this series 
at Whitecliff Bay contains many Brockenhurst species, but at Colwell Bay we have 
no evidence of characteristic species from this last horizon, or in the western side 
of the island. 

Lower Headons, fresh and brackish-water series. 

These beds are 70 feet thick in Totland Bay, and 40 feet thick in Whitecliff 
Bay. 
They consist of fresh and brackish-water beds abounding in fossils resembling 
those of the upper division. Unio Solandri and Cyrena cycladiformis occur here 
and are characteristic. 

At Headon Hill the thick bed of limestone in the Upper Headon is conspicuous 
in the cliffs, but it thins out rapidly towards the north and disappears in an easterly 
direction. The Lower Headon contains a much less thick limestone at Headon Hill, 
and it is represented by the band forming How Ledge between Colwell and Totland 
Bays. 120 species have been obtained from the Headon series: 104 mollusca, 9 
crustacea, 4 annelids, and 3 plants. Land, freshwater, and marine the fossils of the 
Headon fluvio-marine series, are 22 gasteropoda, 32 pelycipoda; polycipes 1, bala- 
nus 1, crustacea 3, plante 3, fish 5 (the upper figures denoting genera, the lower 
species). 


Tue Sr. Heren’s Beps, or OsBoRNE AND St. HELEn’s. 


Between the Bembridge limestone and the brackish-water beds with Pota- 
momye, that terminate the Headon beds, a considerable series of strata intervenes, 
which on account of their mineralogical and paleontological peculiarities, deserve 
to hold an intermediate position between the middle and upper Eocene strata, and 
have been named the Osborne Series. Among the fossils are Paludine (P. lenta), 
Melanie (M. costata, M. excanata), Melanopsis brevis and M. carinata. Chara 
Lyellii is the Gyrogonite of the limestone band, which on the east side divides the 
Upper or St. Helen’s sands from the Lower or Nettlestone beds. The difference 
between the upper and lower portions of them is considerable. 


OsBORNE SERIES IN WHITECLIFF Bay. 


Thickness 100 feet.—Dark red clays and bright red and variegated clays occur. 
(Helix occlusa, Planorbis discus, and Lymnea longiscata.) 
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OsBORNE SERTES BETWEEN St. HELEN’s anD RYDE. 


Between Brading Harbour and Ryde, sections occur, and on shore are seen the 
rocky ledges below Seafield, and from St. Helen’s to Nettlestone. At Watchhouse 
Point, below St. Helen’s, the Bembridge limestone forms an extensive arch. 


FLUVIO-MARINE SERIES. 


Of the fluvio-marine strata of the Isle of Wight, the Bembridge series is by far 
the most constant in lithological characters. The lower part is calcareous (marine 
and freshwater). The upper part (largest) consists of alternations of marls and 
laminated clays. 

By far the larger portion of the Tertiary surface of the Isle of Wight is occupied 
by the beds of the Bembridge series, which overlies the Headon Hill group. Stra- 
tigraphically, or in a scientific point of view, they possess high interest, being 
representatives of extensive continental formations, through which we are enabled 
to correlate or at least throw considerable light on the classification of foreign 
Tertiary strata. 

Through these Bembridge strata we are also made acquainted with and acquire 
much information respecting the terrestrial fauna of our own area during the later 
portion of the Eocene epoch. 

Palontologically, the Upper Bembridge mars are characterised by the abundance 
of Melania turritissma, These marls are finely shown in Whitecliff Bay, on the 
shore at Hempstead, and at Thorness, containing Cyrena pulchra. 

The upper beds of the second group are exposed in the clearest manner through 
fine sections at the same places, and also at, or near Brading harbour, below St. 
Helen’s, Remains of Trionyx, or the fresh-water tortoise, large Cerithia (C. variabile), 
and Cyrena pulchra characterise these beds. 

The third group, or the Bembridge oyster-beds, forms a narrow but constant 
band between the marls and the limestones. Marine conditions set in here, 
characterised by the abundance of Ostrea vectensis, Nucula similis, Cytherea incrassata, 
Mytilus, and Cerithium, These beds were long mistaken for the ‘ upper marine’ or 
Middle Headon strata. At Whitecliff Bay and Brading harbour this group may 
be advantageously studied. 

The fourth subdivision, or Bembridge limestone, includes those beds exhibited 
at Binsted, Cowes, Calbourn, and Sconce (but not the limestones of the Headon 
series). It is important to remember this when correlating the British Upper Eocene 
deposits with those of the Continent. 

This remarkable limestone in Whitecliff Bay forms a conspicuous feature in the 
cliffs; it is also the marked feature at Bembridge ledge. When closely inspected 
it is found to be composed of a number of distinct beds or strata. In ascending 
order we readily recognise seven divisions, each characterised by freshwater mollusca 
and some few land plants. 

Bed No. 1. Concretionary limestone containing the fresh-water plant Chara 

tuberculata, with Lymnea longiscata. 
ro 2. Greenish marly clay, Lym. longiscata and Planorbis. 
3. Compact creamy-yellow limestone, Lym. longiscata and Planorbis 
oligyratus. 
3 4, Pale marly limestone, compact in places, full of Paludina globuloides, 

Lym. longiscata, Hydrobia, and Cyclostoma mumia. 

5. Greenish-white limestone, concretionary and fossiliferous, containing 
Lym. longiscata, Planorbis discus, P. rotundatus, P. Sowerbyu, P. 
obtusus, Helix occlusa, Helta labryrinthica. 

” 6. Crumbly white marl, with globular concretions, Chara tuberculata, 
Planorbis obtusus. 

+ 7. A similar bed to 6, with Planorbis discus. The whole about 25 
feet thick. 

The strata along the coast and sections are in many places beautifully shown, 
and present peculiarities not elsewhere seen in the island. 


” 
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Recent CLAssIFICATIONS OF THE UPPER EoceneEs. 


Professor Judd, in a paper communicated to the Geological Society in May, 1880, 
on the Oligocene strata of the Hampshire basin, having reference to the beds at 
Headon Hill and Colwell Bay, in the Isle of Wight, endeavoured to show that the 
Colwell Bay marine beds are not, as has been hitherto supposed, the equivalents of 
those of Headon Hill and Hordwell Cliff, but that they occupy a distinct and much 
higher horizonin the Eocene series. Assuming this to be the case, a new classifica~ 
tion and nomenclature for the Upper Eocene series of Britain was proposed by the 
author. 

Professor Judd traced the history of previous opinion upon the succession of the 
Tertiary strata down to the time of Professor Edward Forbes and the Geological 
Survey, with the subsequent labours of Mr. Bristow. Edward Forbes confirmed the 
previous determinations of Professor Prestwich in his elaborate researches in the Isle 
of Wight Tertiaries. Forbes’s life, however, was not spared to enable him to com- 
plete his researches in this division of the British strata; his attention was chiefly 
confined to the four uppermost Eocene members, or the Hempstead, Bembridge, 
Osborne and St. Helen’s, and the Headon beds. These divisions were accepted and 
worked upon as a basis by the Geological Survey. With regard to these strata, 
Forbes maintained, as almost all previous observers had done, that the beds at Colwell 
and Totland Bays are on the same horizon as those at the base of Headon Hill 
and at Hordwell Cliff. 

Professor Judd’s view has been questioned and refuted by Messrs. Tawney and 
Keeping, in an elaborate paper also read before the Geological Society in May, 1881,” 
and in a subsequent communication to the Cambridge Philosophical Society in the 
same year, ‘On the Beds at Headon Hill and Colwell Bay in the Isle of Wight.’ 

The importance of a correct reading and classification of these Middle Eocene 
strata in the Isle of Wight, and their correlation with beds of the same age in 
France, Belgium,’and Germany, cannot be overlooked or over-estimated, and often as 
it has been attempted, the papers by the two above-named authors have stil] greatly 
added to our knowledge of the stratigraphy of the Eocene series of the Isle of Wight, 
It is impossible to dispute the validity of their researches and value of their sec- 
tions. The publication of Mr. Judd’s paper disputing the correctness of Forbes’s 
work and that of the Geological Survey, and the proposal of a fresh classification, 
drew immediate attention to the labours of the older authors, but especially that by 
the Geological Survey—which was answerable for the latest, indeed the only known 
extended and complete analysis of the Upper Eocene strata of the Isle of Wight. 

We owe a debt of gratitude to the late Mr. F. Edwards and Mr. 8S. V. Wood, 
for their valuable additions to our knowledge of the paleontology of the fauna of 
the fluvio-marine beds of the Hampshire basin. Since the publication of Professor 
Forbes’s memoir upon the Isle of Wight, the molluscan fauna alone is at least three 
times as great as noticed by him, and since that time the remarkable fauna of 
Brockenhurst in the New Forest, discovered by Mr. Edwards, has been carefully 
studied by Von Kénen for the mollusca, and Professor Duncan for the corals. These 
naturalists have shown the agreement of this fauna with that of the Lower 
Oligocene in North Germany. ‘This Brockenhurst fauna is also identical with cer- 
tain strata at the base of the Middle Headon beds at Whitecliff Bay, in the Isle of 
Wight. 

Professor Judd in his paper describes the stratigraphical position of the Colwell 
Bay and Headon Hill beds, and their relation to each other, pointing out what 
he believed to have been an error on Forbes’s part, relative to the correlation of the 
‘Venus bed’ at the two places, in what is really a continuous section: Edward 
Forbes and the Geological Survey having carefully and correctly determined that 
only one set of marine strata occurred between the two brackish or estuarine and 
freshwater series. This fact has been again most carefully worked out by Messrs. 
Tawney and Keeping, leaving no doubt as to the interpretation and accuracy of the 
work of Forbes and the Survey, and establishing upon a firmer basis the continuity 


) Quarterly Jownal of the Geological Society, vol. xxxvi. p. 137. 
2 Ibid, vol. xxxvii. p. 85. 
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and equivalency of the Colwell Bay and Headon Hill marine series, through the 
‘ Venus bed,’ all being stratigraphically and paleontologically the same. Professor 
Judd insists upon 250 feet of strata intervening between the Bembridge limestone 
and the marine band of Headon Hill, but Forbes and the Geological Survey in 
their section show less than one-half of that thickness. Recent research confirms 
this view. At pp. 148-150, the author also endeavours to show that the paleeonto- 
logical evidence is in accordance with, and as complete as the stratigraphical. 
This of course is based upon the belief that both are read or interpreted rightly. 
The comparison is between the collective fauna of Whitecliff, Colwell Bay, and 
Brockenhurst on the one hand, and Headon Hill and Hordwell on the other hand ; 
but Messrs. Keeping and Tawney have shown the illogical nature of conclusions 
drawn from such an admixture of beds. Each bed should be compared separately. 

Professor Judd (on pp. 150-164) correlates the British fluvio-marine strata 
with that of the Continent, adding at p. 153 of this paper a list of his so-called 
Brockenhurst species from Whitecliff Bay, Colwell Bay, Brockenhurst, and Lynd- 
hurst, with those species common to the Barton beds below and Hempstead series 
above. This so-called Brockenhurst, but really Middle Headon fauna, numbers 84 
genera, and 187 species (65 of which are manuscript names). Four of the 13 corals 
of the Brockenhurst beds also occur in the Oligocene strata of North Germany. 
This conclusion was arrived at by Professor Duncan, independently of the work 
of Von Konen upon the mollusca in the same beds.! The author also prepared 
a list of the Hempstead or so-called Middle Oligocene fauna, in which no less 
than 40 genera and 101 species are named; 40 of these are manuscript names, 
by Mr. F. Edwards, thus reducing the described fauna to 61 species. The sub- 
division and nomenclature of the series is next given, and the author proposed to 
extend the ‘name of the Headon series, so as to embrace all the beds between the 
Barton and the Brockenhurst series, and to call all those strata said to belong to 
the zone of Cerithtwm concavum the Headon group,’ doing away with the smaller 
subdivision of Lower, Middle, and Upper. To all the beds between the Brocken- 
hurst and Hempstead series Mr. Judd would apply the name Bembridge group ; 
including the series both above and below the ‘ Bembridge series of Edward Forbes, 
and also beds referred by him to the base of the Hempstead, the Osborne and 
St. Helen’s, and to the Upper Headon.’ Such a proposal labours under the 
error of altogether failing to recognise the position which the Brockenhurst fauna 
occupies in this interesting series. Professor Judd in fact places the Brockenhurst 
beds not only above the Middle Headon, but above the Upper Headon and Osborne 
beds of Headon Hill. It occupies, however, in fact, a place at the base of the 
Middle Headon, as is well seen at Whitecliff Bay, and at Brockenhurst itself. 

This change in the nomenclature and classification has not met with approba- 
tion, and is strongly opposed by Messrs. Tawney and Keeping in their exhaustive 
paper, and by Mr. Lucas in his communication to the ‘Geological Magazine.’? 
Messrs. Keeping and Tawney elaborately defend the labours and views of the Geo- 
logical Survey, giving a mass of evidence, both as to the order of the strata and the 
distribution of life-forms, clearly showing that the relations of the whole group can 
be determined by examination of the continuity of the Colwell Bay and Headon 
Hill beds, and that the brackish-marine beds of Colwell Bay correspond with the 
brackish-marine beds of Headon Hill in every essential particular, being, in fact, 
one continuous and unbroken sequence, as laid down by the Geological Survey ; 
this the authors have again clearly demonstrated in the text of their Memoir, and 
laid down in their clear and continuous section from Cliff End or Lynchen Chine 
to near Alum Bay Chine, and synthetically proved in their vertical sections. 

The following general and condensed description or analysis of the Headon 
series of Colwell Bay and Headon Hill, as given by Messrs. Tawney and Keeping, 
will aid those wishing to examine the section, prior to reading or possessing them- 
selves of the original paper in the ‘Quarterly Journal of the Geological Society,’ 
vol, xxxvii., or that of Professor Judd, loc. cit., Note 1. 


? A. von Kénen on ‘The Correlation of the Oligocene Deposits of Belgium, North- 
ern Germany, and the South of England,’ Quarterly Journal of the Geological Society, 
vol, xx. p. 97. 2 Geological Magazine, decade ii. vol. ix. p. 97. 
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Vertical Section at the North-east Corner of Headon Hill—One hundred and 
ten feet of strata occur from the top of the Bembridge limestone to the top of the 
Great Limestone (Upper Headon), The Brockenhurst series does not exist 
here. Nota single marine fossil occurs in that interval. Nor is there any bed 
having the least resemblance either lithologically or palzontologically to the 
Colwell Bay Venus bed. 

The Upper Headon at Headon Hill measures 50 feet, and contains the thick 
Lymnzean limestone (27 feet). The united or combined thickness of the Osborne 
and Upper Headon beds (Geological Survey) is 119 feet, ze. adopting the top of 
the Cerithium ventricosum bed as the boundary. The Osborne beds at Headon 
Hill are below the Bembridge limestone and extend up to it, so there is no r00m 
for a greater thickness of beds. 

The Middle Headon.—The uppermost and lower portions of the Middle Headon 
are brackish-water beds abounding in Cerithium ventricosum, C. pseudocinctum, 
C. concavum, Neritina concava, and Nemature. The beds or series in Headon Hill 
richest in Cytherea incrassata (Venus bed proper), exhibit identically the same 
fossils as at Colwell Bay. 

Below the oyster band in grey sandy clays is the Venus bed, extremely rich in 
marine fossils. Cytherea, Mya, Mactra, Corbicula, Nucula, Trigonocela, Fusus, 
Cancellaria, Voluta, Vicarya, and Natica; Mya angustata and Cytherea incrassata 
scattered throughout and abundant. The Middle Headon of Headon Hill is 82 feet 
thick. The Survey vertical section gives 35 feet forthe same boundaries. The 
height of the Middle Headon above the sea-level at the north-east end is 72 feet, 
and not below the sea-level, as seems required on Professor Judd’s theory. 

Lower Headon.—The first bed is a Lymnzan limestone, and is the same well- 
known bed which forms the top of the Lower Headon in Warden Cliff. It is 
traceable to How Ledge, where it disappears below the sea, and clearly shows by its 
course that it is the How Ledge bed of Warden Cliff. Although this limestone is 
denuded from the top of the anticlinal curve between Weston and Widdick Chines, 
some of the lower beds are traceable the whole distance; accordingly we can join 
on the section in Headon Cliff to that in. Warden Cliff. This gives a continuous 
section and series of beds from the lowest seen of the Lower Headon, through the 
Middle and Upper Headon of Colwell Bay to the Bembridge limestone both north 
and south. ‘There is therefore only one marine (Middle Headon) series lying 
between two freshwater series, or ‘the Lower and Upper Headon.’ The Rey. 
O. Fisher has discovered the Venus bed in the Totland Bay brickyard, some short 
distance above and behind the top of the cliff, between the chines. This being the 
only part where it is missing from the cliff is proof of its continuity from Warden 
Cliff to the north-east corner of Headon Hill. 

The authors describe in the most careful manner the Lower Headon beds of the 
cliffs between Weston and Widdick Chines, much of the space in which is hidden 
by the grass slopes, but the connection cannot be doubted. 

The Lower Headon of Warden Cliff—‘ The lowest beds of this series are seen 
below the Totland Bay Hotel at Weston Chine, and all are below the Venus bed. 
A remarkable feature in the lowest portion are five thin Lymnzan limestones, con- 
taining chara seeds. These five limestones at low water form five submarine ledges 
parallel to the great ledge at Warden cliff’ (Warden ledge). Above these five beds 
and the sands containing Potamomya comes the concretionary calcareous sand rock 
which forms Warden Ledge. It crops out at the top of the cliff below the flagstaff 
of the coastguard station, Succeeding these is the Unio bed (U. Solandr?) which is 
associated with Melania turritissima. The How Ledge limestone succeeds and forms 
the summit of the Lower Headon series. This limestone is denuded away in the 
centre of Totland Bay, where we have evidence and may infer the summit of the 
anticlinal to be near the old wooden pier. The thickness of the Lower Headon in 
Warden cliff is 72 feet, and from that to 87 feet before reaching the yellow sands 
of the Upper Bagshot. 

The whole of the cliffs between Weston and Widdick Chines are occupied solely 
and throughout by Lower Headon beds, and the Colwell Bay marine bed extends 
all through Warden point and cliff, where it rests upon, or is supported by, the How 
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Ledge limestone. Between Warden Battery and Weston Chine the Colwell Bay 
marine bed (Middle Headon) is maintained in all its integrity. 

Middle Headon of Colwell Bay.‘ The Neritina bed at the south-west end of 
the Bay is well seen a little short of Colwell Chine. Above this comes the richest 
part of the “ Venus bed ”—the fossils in which (Cytherea incrassata) strew the 
tumbled clays and commingle with recent shells on the shore.’ Ostrea velata, as at 
Headon Hill, is abundant above the part richest in Cytherea. This oyster occurs 
in vast abundance in the centre of the bay between Colwell and Bramble Chines, 
crowding out other fossils and forming a massive oyster bank about 20 feet thick. 
The Venus bed here is altered in character, and abundantly occurring with Cy- 
therea tnerassata are Murex seadentatus, Pisania labiata, Natica labellata, Nerita 
aperta, Cerithium variabile, and Ostrea velata, 

Upper Headon of Colwell Bay.—The horizon of Cyrena Wightii is a marked 
feature here, associated with Corbicula obovata; Cerithium trizonatum also occupies 
one horizon just below the buft-coloured Lymnzea limestone forming a narrow band 
with green clays; Serpu ic enuis is equally characteristic, occurring at the same 
horizon both here and at Headon Hill, viz. in the Upper Potamomya clay just above 
the Lymnezan limestone. 


PALMONTOLOGICAL EVIDENCE. 


Having noticed the stratigraphical succession of the several divisions in the 
beds at Headon Hill and Colwell Bay, I now proceed to draw attention to the 
distribution of the fossils. 

The authors of the paper have discussed the question as to whether the 
Colwell Bay has any more affinity with the Brockenhurst fauna, than has the 
Headon Hill bed; and they compare the fauna both of the Colwell Bay and 
Headon Hill marine beds. This they do by separating in tabular form the 
fauna of all the localities which are to be compared together. The splendid 
collection of Tertiary fossils belonging to the late Mr. F. Edwards, and now in the 
British Museum, has formed the basis of their comparison, while their own researches 
have added occurrences still more conclusive as to the correlation of species in 
the areas under examination and consideration. The authors obtained during 
their research in the Isle of Wight many species in the marine bed at Headon 
Hill which do not exist in the Edwards collection from that locality. ‘The test 
as to the contemporaneity of the beds in question is not to be obtained “rom the 
rarer forms only, but from a comparison of the commoner and more characteristic 
species.’ No less than fifty-eight species were obtained by the authors from the 
Middle Headon of two localities, Colwell Bay and Headon Hill, nineteen of which 
appeared in and came up from the Barton beds, and with seven exceptions all the 
fifty-eight forms came from both horizons. 

It has been stated that the ‘strata at Colwell Bay are of purely marine origin, 
while the so-called Middle Marine beds of Headon Hill and Hordwell Cliff are 
of totally different character. But Messrs. Tawney and Keeping obtained from 
the marine series at Colwell Bay the brackish-water genera Cerithium, Cyrena, 
Hydrobia, Lymnea, Paludina, Planorbis, Melania, and Melanopsis, although said to 
be found only at Headon Hill. It has also been stated that certain species of 
Cerithium are confined to Headon Hill, and do not occur in Colwell Bay, and 
that through this discovery serious errors in our classification have been detected, 
as well as in the correlation of the strata under consideration. 

The presence of Cerithium concavum in the Venus bed abundantly at Colwell 
Bay—and we may add from private information from Mr. Keeping that he has 
found it also at Whitecliff Bay in the same position—removes all doubt as to the 
non-occurrence of the zone in that locality. As has been stated, the species is not 
so common at Colwell Bay as at Headon Hill. 

There 13 but one marine bed, and that is known only in the Middle Headon. The 
place of the Brockenhurst bed is at the lowest horizon in the Middle Headon, but 
it does not appear at Colwell Bay, or anywhere in the west end of the island, but 
only at Whitecliff. 
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Middle Headon of Whitecliff Bay.—It has heen stated that the Colwell Bay bed 
is placed in the Brockenhurst, which is said to occupy a higher horizon than the 
Headon Hill and Hordwell marine bed. The true place of the Brockenhurst fauna 
in the Isle of Wight is confined to one zone, and that at the base of the Middle 
Headon series, and only at Whitecliff Bay or in the New Forest. 

The Geological Survey do not mention by name the Brockenhurst bed in their 
vertical section [Sheet 25] of Whitecliff Bay, as its peculiar fauna hed not been 
recognised at that time. It is easily identitied, however, in their section as the 
basement bed of their Middle Headon, the whole of which is given as 90 feet 
thick. 

Brockenhurst Zone at Whatecliff Bay.—At the time the Geological Survey sec- 
tion was made, this bed at Brockenhurst was unknown, and its fauna undescribed. 
Subsequent observers have recognised the Brockenhurst fauna in the lowest bed 
(2 feet thick) of the Middle Headon at Whitecliff Bay. 69 species are known 
here, and 104 occur at Brockenhurst. 

Affinities of the Brockenhurst Fauna.—If we take the whole Brockenhurst fauna, 
including the eighteen corals (special to the zone) we obtain a total of 151 species, 
of which from 74 to 81 pass up from Barton. 

Messrs. Tawney and Keeping supply a list of 53 species from the Brockenhurst 
zone obtained from the Whitley Ridge Railway Cutting, New Forest. 51 of these 
53 forms have occurred in the 2-foot bed at Whitecliff Bay, 27 of which pass up 
from the Barton or Bracklesham beds. 

The paleontological evidence therefore accords with the stratigraphical. 

Relation of Colwell Marine to Brockenhurst Fawna.— Examination gives us 
29 per cent. of Barton forms in the Colwell Bay bed. In the Brockenhurst bed 
the ratio was about 50 per cent., and in the Headon marine bed, 29 per cent. Ex- 
amination also of the more characteristic Colwell and Headon marine fossils shows 
that these faunas are practically identical—and also shows that only certain Brocken- 
hurst species occur at Colwell Bay, and not at Headon Hill. They are Scalaria tessel- 
lata and Tellina affinis, this latter a Barton form, while those occurring at Headon 
Hill and not at Colwell Bay are Marginella estuarina and Cardita paucicostata ; only 
“two in each case, which amounts to perfect equality.’ If we take into account those 
common to the Colwell and Headon marine beds, and not occurring at Brockenhurst, 
we find twenty-six species. It is therefore evident that the Brockenhurst fauna is 
not identical with that of the Colwell Bay bed, and not newer than that of Headon 
Hill. 

Thus fossil as well as stratigraphical evidence shows that the Colwell Bay bed 
is identical with the Headon Middle Marine. 

The same twofold proof demonstrates that the Brockenhurst bed, where present, 
lies at the base of the Middle Marine Headon beds, and immediately above the 
Lower Headon. This Brockenhurst bed is absent at Colwell Bay and Headon Hill, 
but occurs at Whitecliff Bay, Brockenhurst, and Lyndhurst. 

The proposal by Professor Judd to extend the name of the Headon series so 
as to include all the beds between the Barton and Brockenhurst series, and call 
them the ‘Headon Group,’ would cause great inconvenience. The term Middle 
Headon, based as it is on the classical work of Edward Forbes, is clear and de- 
finite. Again, it would entail the abandonment of the names Upper and Lower 
Headon also; and the non-occurrence of the Brockenhurst series, or its repre- 
sentative, in Colwell Bay admits of no recognition on the west side of the island, 
a “ibe the classification would be based upon a defective appreciation of 
the beds. 

Von K6nen, in 1864, justly correlates the fauna, and since then, in 1866, the 
coral fauna has been described by Dr. Duncan. 

Messrs. Tawney and Keeping, in their paper on the beds at Headon Hill 
and Colwell Bay in the Isle of Wight, uphold the work done by the Geological 
Survey, maintaining the correctness and integrity of the two Survey Memoirs, and 
the horizontal and vertical sections of the Tertiary beds of the Isle of Wight. Pro- 
fessor Judd differs from the identifications and stated succession of the beds in 
Totland and Colwell Bays. He introduces two new series at Headon Hill, a marine 


524 REPORT—1882. 


and a freshwater (?) in addition to those which have been universally accepted for 
the last twenty-five years.! 

The sections prepared by Professor Judd also differ very considerably from that 
of the Geological Survey, or those lately prepared by Messrs. Keeping and Tawney, 
during their late examination of the beds under notice. These are the marine series 
known as the Middle Headon or Middle Marine. Prof. Judd places them at the sea- 
level near Widdick Chine. Consequently, between the top of the marine bed and 
that of the Bembridge limestone, there would be, on Prot. Judd’s theory, 250 feet 
of beds, such being the altitude of the cottage on the Warren which marks the 
summit of the Bembridge limestone. This thickness must, however, be reduced by 
100 or 106 feet, which is the altitude of the top of the Middle Headon at this point. 
This 105 feet of beds, or another freshwater and another marine, have no exist- 
ence; they can only be accounted for by counting the Lower and Middle Headon 
twice over. Now the only marine beds are those of the Middle Headon, enclosed 
between the altitudes of 70 feet above the sea-level; the others are all freshwater. 

The point wherein Professor Judd’s section differs from the Survey and 
that of the authors, arises from the belief that a second marine series, termed the 
‘ Brockenhurst series,’ with another freshwater below, in all 105 feet, is intercalated 
above the Upper Headon—these two believed new formations having that portion 
of the section allotted to them which is occupied by the freshwater Osborne marls 
and part of the Upper Headon. It must be remembered that there is no positive 
evidence of the existence of this second marine (Brockenhurst) series at the spot 
where the Geological Survey places the Osborne mazls. Careful examination fails 
to reveal these said-to-be additional beds. It is clear, therefore, that no bed having 
the peculiar fauna of the Brockenhurst bed occurs at the west end of the island; its 
place too, if found, would be at the base of the Middle Headon and not above the 
Upper, where it has been wrongly assigned. Messrs. Keeping and Tawney, in their 
paper, object to the correlation of the Brockenhurst with the Colwell Bay bed— 
which is identical with the marine (Middle Headon) bed of Headon Hill. Thus the 
105 feet of strata have no existence. 

The Middle Headon, which is denuded away from the top of the cliffs in the 
centre of Totland Bay between Weston and Widdick Chines, has been discovered 
in the Totland Bay brickyard, which lis a little inland of this portion of the cliff, 
thus conclusively showing that this bed was continuous above the top of the cliff, 
consequently linking the Warden Cliff exposure to that of Headon Hill. They are 
visibly and absolutely continuous with those of Colwell Bay. 

Paleontological Evidence.—The equivalency of the Colwell Bay and Brocken- 
hurst beds is a point to be definitely settled. Most careful lists of fossils have been 
prepared from collections made both from the Middle Headon at Colwell Bay and 
Headon Hill. We find that out of fifty-seven species at Colwell Bay, fifty-three 
occur in the Middle Marine of Headon Hill, or 93 per cent. This clearly proves 
the identity of the horizon in the two localities. 

The well-known shells Cerithium concavum and C. ventricosum occur both in 
Colwell Bay and Headon Hill, and on the same horizons. C. concavum appears 
to have a less restricted range at Headon Hill than C. ventricoswm, occurring abun- 
dantly there through the greater part of the Middle Headon series. It has also 
been found in the ‘Venus bed’ of Colwell Bay. Thus both stratigraphical and 
paleontological evidence are in harmony. All evidence tends clearly and con- 
clusively to show that there is only one marine series in this section, viz. the Middle 
Headon of Edward Forbes, which is interstratified between the freshwater Lower 
and freshwater Upper Heador; while there is no evidence of the Brockenhurst 
bed occurring anywhere in the west of the island. 

Whitechff Bay and the New Forest.—The Brockenhurst bed was recognised at 
Whitecliff Bay, by the Rey. O. Fisher, in 1864, where it occurs in the lowest two 
feet of the Middle Headon series. No less than 70 species have been collected 
here out of 104 known at Brockenhurst. Many species are peculiar to it, but all 
are identical with those of the well-known section in the railway-cutting near 


1 Quarterly Journal of the Geological Society, vol. xxxvi. p. 137. 
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Brockenhurst. Many species are confined to this horizon and do not pass up into 
the ‘Venus bed.’ Thus the Brockenhurst fauna at Whitecliff Bay numbers 70 
species, at Brockenhurst 104, and of these only eighteen occur in the Middle 
Marine beds of Colwell Bay, or are common to Whitecliff Bay and the type locality. 
Eighty-three Barton or Bracklesham species pass up, twenty-five to the Middle 
Marine of Colwell Bay, and thirty-six to the Brockenhurst bed of Whitecliff Bay, 
or these two localities yield the above number of Bartonian forms. To still 
further illustrate the value of the Middle Headon series of the Isle of Wight and 
elsewhere, I may mention certain characteristic fossils that occur in several 
zones. The ‘ Venus bed’ of the Geological Survey is about thirty feet thick at 
Colwell Bay, Headon Hill, and Whitecliff Bay, and contains the following well- 
marked shells, Murea sexdentutus, Melania fasciata, Cerithium duplex, C. ventri- 
cosum, C. concavum, and Nerita aperta. Shells characteristic of the Brockenhurst 
bed and confined to it are Voluta suturalis, Letostoma ovatum, Pecten bellicostatus, 
Modiola nysti, Cyprina nysti, and Cytherea solandri, var. attenuata. In the Roy- 
don zone occurs Voluta geminata, and nowhere else in England. Pleurotoma 
transversaria, P. subdenticulata, Cardita deltordea, and Protocardium hantoniense are 
in both the Roydon and Brockenhurst zones, but not known in the Venus bed. 
Certain species range through the Middle Headon series and occur nowhere else. 
These are Pisania labiata, Pleurotoma headonensis, Cancellaria muricata, C. elongata, 
Leda propinqua, Cytherea suborbicularis, Psammobia estuarina, and Corbicula obo- 
vata. The Brockenhurst zone is restricted to the lower 2 feet of the Middle 
Headon, and it lies immediately on the eroded surface of the Lower Headon. An 
error certainly has been committed in the New Forest section, in assigning the 
place of the Brockenhurst series above the Middle Marine or Middle Headon. This 
is at variance with facts at Brockenhurst and Whitecliff Bay, and this misappre- 
hension as to the stratigraphical position of the Brockenhurst bed refutes the theory 
as to the occurrence of this bed high up in Headon Hill, It is not in existence 
there. 

With reference to the affinities of the Brockenhurst fauna, it has been stated 
that ‘ nearly one-third of the Hordwell and Headon Hill marine shells are Barton 
forms, and not more than one-fifth of those occurring at Brockenhurst, Colwell Bay, 
and Whitecliff Bay, are found at Barton.’ We should not expect the Venus bed 
or Middle Marine would have more Barton species than the Brockenhurst bed, seeing 
that the former occupies a higher zone in the Middle Headon series. The percentage 
of Barton forms, according to Mr. Tawney, inthe Whitley Ridge bed, is 42 per cent. ; 
a lower proportion than at Whitecliff Bay, arising from the number of corals being 
special to the Whitley locality. At Whitecliff Bay the Barton group has 52 per cent., 
and the proportion of Barton forms from all the Brockenhurst localities, including 
the Roydon zone, is 48 per cent., and the percentage of the Barton forms in the Middle 
Headon of Headon Hill is found to be 29 per cent.; the conclusion therefore from 
fossil evidence is that the Headon Hill marine hed is later in age, and higher 
stratigraphically than the Brockenhurst bed, the proportion of Barton forms in the 
latter being nearly 50 per cent., and not one-fifth, as stated. The result is in strict 
accordance with their stratigraphical positions. It is equally important to test by 
fossil evidence whether the Colwell Bay Venus bed (Middle Headon) is more 
nearly related to the Brockenhurst than is the Headon Hill bed. In Colwell Bay 
the observed Barton forms are 29 per cent. in common, and the same percentage 
in the Headon Hill bed, while in the Brockenhurst bed they were 48 percent. To 
test still more the proof from paleontological evidence, it is stated, on the same 
authorities, that there are only two species in each case common to either Colwell 
Bay, or Headon Hill and Brockenhurst, and not occurring at Barton ; while there are 
twenty-six species common to Colwell Bay and Headon Hill, and not occurring at 
Brockenhurst. It is clear, thereforé, from all fossil and physical or stratigraphical 
evidence, that the position of the Brockenhurst bed has been misconceived ; and 
it would be fatal to re-name the whole series of strata hitherto so well known 
and well determined as the Middle Marine or Middle Headon, of the Isle of Wight, 
and call it the ‘ Brockenhurst series.’ The classification and nomenclature of the 
Geological Survey must therefore be restored and maintained, all recent examination 
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haying strengthened the previous labours of Forbes and Bristow, and the later re- 
searches of Messrs. Tawney and Keeping have still more firmly established the 
succession and correlation of the Middle Headon series of the island, and affording 
a basis for further research and analysis for the ‘ Anglo-Parisian or Hampshire 
Tertiary Basin.’ 

Mr. Tawney prepared an important paper upon the Upper Bagshot Sands of 
Hordwell Cliff, which was read before the Cambridge Philosophical Society and 
published in their Proceedings. The object of the communication was to discuss 
the affinities of the Bagshot series with a view to their classification, and also to 
endeayour to show their correlation and equivalents in the Paris basin. ‘ All 
observers are agreed as to the actual position of the sands being below the fresh- 
water Lower Headon. Edward Forbes and the Geological Survey distinctly ally 
it to the Marine Bagshot beds. They place it in the Middle Eocene Bagshot series, 
terming it Upper Bagshot (instead of Headon Hill Sands), Forbes noticed the 
fact of its containing Barton species at Whitecliff Bay. This shows its affinity to 
Barton beds. Dumont favoured a similar classification in his essay, and in his 
table the Headon Hill sands are grouped with the Barton clay as being respectively 
equivalent to the upper and lower divisions of the Belgian Laekentan, while the 
Headon Hill limestones and marls are placed in the Tongrien. Lately these views 
have been questioned by the author of the ‘Oligocene Strata of the Hampshire 
Basin,’ in the ‘Quarterly Journal of the Geological Society,’ vol. xxxvi., who 
regards these beds as constituting the lowest member of the Headon group, stress 
being laid upon the occurrence of Cerithiwm concavum as a test. ‘The author also 
places the whole of the Upper Bagshot sands and the Lower and Middle Headon 
beds as the equivalents of the Mortefontaine sands, placing them above the St. 
Quen limestone; these St. Ouen beds representing perhaps the Osborne, and all 
three Headon divisions, which come above the Mortefontaine beds. Certthium con- 
cavum is said to occur both in the Bagshot and Headon series. Careful research 
and examination shows that the shell in question is Lamarck’s C. plewrotomordes 
in the one case, and not C. concavum, which species has evidently been con- 
founded with the Lamarckean shell. Examination of equivalent beds in France 
by Mr. Tawney, and the researches of Professor Hebert and M. Munier-Chalmas 
clearly show that the Mortefontaine sands do not contain Cerithiwm concavum, 
the shell so common on that horizon being C. plewrotomoides Lamk. Comparison 
of the Headon shell with those brought from near Mortefontaine shows that 
the Long Mead End species agrees with the French form. It would appear that 
there is much greater parallelism between the French and English series than we 
have hitherto expected. The Mortefontaine sands are the upper part of the Sables 
de Beauchamp, representing our Barton beds; above this comes the Calcaire de 
St. Ouen, chiefly of freshwater origin. Connected with the St. Ouen limestone are 
sands and marls, containing at the top and bottom Certthiwm concavum abundantly. 

The St. Ouen period, therefore, without doubt represents our Headon series. 
‘In our Hampshire basin the freshwater and marine condition in the Headon 
series are not in the same order as in the St. Quen beds.’ ‘The marine facies in 
Hampshire, with C. concavum, comes between the freshwater Lower and Upper 
Headon deposits, near Montjavoult; the bulk of the freshwater limestones is in 
the centre or between two deposits with this Certthiwm concavum.’ * In the Paris 
basin, therefore, the zone of C. concavum is not connected with the zone of 
C. pleurotomoides, but comes immediately above it.’ Thus C. concavwm charac- 
terises the Middle Headon of Colwell Bay and Hordwell, while C. pleurotomoides 
is found only in the Upper Bagshot of Long Mead End. That the Long Mead 
End sands and those of Mortefontaine are equivalents few can doubt. Both 
succeed or constitute the uppermost portion of the Barton beds, and 25 per cent. 
of the fossils are in common. These affinities show that the term Upper Bagshot 
sands is the most appropriate, and expresses the relationship of these sands, since 
the Barton and Bracklesham beds together are usually considered as the equivalents 
of the Middle Bagshots. The author believes, therefore, that it would be wrong to 
reject Edward Forbes’s name of ‘ Upper Bagshot’ for the Long Mead End sands, 
and accept in place of it the older term of Headon Hill sands. 
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Mr, A, H. 8, Lucas, M.A., in his concise but valuable paper ‘On the Headon 
Beds of the Western Extremity of the Isle of Wight,’! correctly states, upon refer- 
ring to the recent ‘answer to the present questioning of the hitherto accepted cor- 
relations of the beds of the Lower fluvio-marine Tertiaries of the Isle of Wight and 
South Hants, that it is obviously impossible for foreign geologists to institute 
useful comparisons between British and foreign subdivisions so long as we in 
England are quite at variance on the stratigraphical and paleontological facts of 
the beds in question.” 

‘The general relation of the whole group can only be satisfactorily determined 
after the primary question of the continuity or discontinuity of the Colwell Bay 
and Headon Hill beds is settled. At present there are two very definite, yet different 
views, having a perfectly distinct issue ; first, that the brackish-marine beds of Col- 
well Bay correspond with the brackish-marine beds of Headon Hill which have 
been seen; or, secondly, that they correspond to some higher marine beds which 
have not been seen.’ Both these views and arguments are now fairly before those 
competent to judge. In 1880, however, Professor Judd, in his paper ‘On the 
Oligocene Strata of the Hampshire Basin,’* questioned and denied the succession as 
determined by Forbes and the Survey; this paper dealt with strata or higher marine 
beds stated above by Mr. Lucas as ‘not having been seen.’ On the other hand, in 
1881, Messrs. Tawney and Keeping brought to bear upon the question a mass of 
evidence in support of the work of Edward Forbes and the Survey * showing con- 
clusively the identity and continuity of the Colwell Bay and Headon Hill fluvio- 
marine beds. Still more recently, however, Professor Blake * has ‘advanced an 
entirely new correlation, adducing stratigraphical evidence in its favour.’ His 
observations do not agree in certain cases either with those of Professor Judd or 
Messrs. Tawney and Keeping. It is hoped, however, by or through evidence at the 
present meeting, that the question of the succession will be finally determined. 
Mr. Lucas does not attempt any solution as to the relation of these beds at Colwell 
Bay and Headon Hill to the deposits exposed at Hordwell, Brockenhurst, or 
Whitecliff Bay; they do not concern the succession. But the standard or syn- 
thetic sections at different localities, like those prepared by Messrs. Tawney and 
Keeping, have tended to clear up the succession, fully testing the continuity of 
the beds under dispute under their several aspects along the plane of ‘deposition. 
This independent mode fully bears out the exact work of the Survey, showing 
differences in degree as regards accumulation, yet continuity as regards succession. 
Mr. Lucas gives measured sections of the freshwater beds, and the brackish marine 
series (p. 99 doc. cit.), which confirm the work of the above authors. 

The Headon beds were long ago ‘ measured by Dr. Wright, lately by the authors 
just quoted, and the Osborne series by Edward Forbes, and the main divisions 
are so conspicuous that there can be no doubt about the succession.’ A third 
paper upon the Fluvio-marine Beds of the Isle of Wight was read before the 
Geologists’ Association, in June 1881, under the title, ‘On a Continuous Section of 
Oligocene Strata from Colwell Bay to Headon Hill,’® by Prof. J. F. Blake, M.A., 
F.G.S. The author contends for a difference between the faune of the Colwell Ba 
beds and those of Hesdon Hill, and states that the ‘ fauna of the so-called Oligocene 
group is chiefly to be found in the “ Venus bed” of Colwell Bay; but the assumed 
other “ Venus bed” at Headon Hill contains rather the fauna of the uppermost 
Eocene, or zone of Certthium concavum.’ The question, however, turns upon the 
identity of the two so-called Venus beds. In other words, the Colwell Bay ‘Venus 
bed’ is said by the author to have one fauna, and the Headon Hill ‘ Venus bed’ 


1 Geological Magazine, n.s. decade ii. vol. ix. p. 97. : 

* A concise and important paper on ‘ The Classification of the Tertiary Deposits,’ 
by Professor Judd, appeared in the Popular Science Review for 1880, accompanied 
by a table showing the correlation of the Lower Tertiary strata of Western Europe. 
The Headon and Brockenhurst beds are placed under the Lower Oligocene, and the 
Bembridge and Hempstead series under the Middle Oligocene. 

% Quarterly Journal of the Geological Society, vol. xxxvi. p. 137 etc. 

4 Thid. vol. xxxvii. p. 85. 5 Proceedings of the Geological Association, vol. vii. 

6 Tbid. vol. vii. 


528 REPORT—1 882. 


another. This determination I hold to be untenable, all fossil and physical evidence 
being to the contrary, and show that they are one and the same bed. On both sides 
of Bramble Chine the ‘Venus bed’ is fully developed. Mr. Blake calls it the 
“Oyster bed.’ Below these come thin bands of stratified marl, with abundance of ~ 
Certthea and Cyrena (not Cyclas, as stated). The Widdick Chine sands can be no 
other than the Headon Hill sands, and not the Upper Bagshots. The altitude of 
these sands above the sea Mr. Blake estimated at 100 feet; this is certainly 
too great an elevation, 70 feet being the received measurement by independent 
observers. Such difference, if it existed, would alter the reading and sequence of 
succeeding and higher beds in the section. The author seems to have omitted 
the Trigonocelia and Neritina bed immediately above the How Ledge limestone and 
below the thick oyster band. These correspond with the Warden Cliff section, and 
determine continuity of deposition, or are a confirmation of the identity of the beds. 
This is a crucial point in the continuity and equivalency of the marine series in 
Totland and Colwell Bays. The Yrigonocelia bed here is on the same horizon 
as in Warden Cliff and Colwell Bay, associated with Cerithium pseudocinctum, 
Melanopsis fusiformis, Natica labellata, &e. The lower or Neritina concava 
bed, with Melanopsis fusiformis and Corbicula ovata, occurs also in the same 
position near the base of the series at Warden Cliff and Colwell Bay. ‘This can 
only be explained by admitting that the Marine series in Totland Bay and Colwell 
Bay are identical.’ The occurrence of ‘ Cerithiwm ventricoswm at the top, and the 
neritina [N. concava| and Trigonocelia [T. deltotdea] at the base—identical in 
physical and fossil characters, are strong presumptive proof of this.’ It isextremely 
doubtful if Certthium margaritaceum, mentioned on page 6 of Mr. Blake’s paper, 
occurs in the Colwell Bay section, or in the western area of the Isle of Wight— 
the Certthium cinctum is really C. pseudocinctum, and Cyclas obovata should be 
Cyrena obovata. The genus Cyclas does not occur. In correlation these are impor- 
tant items, especially with a continental fauna. It will also be found that the 
oyster beds do not rest immediately on the How Ledge limestone as asserted—the 
Trigonocelia and Neritina beds intervene, and, as at Colwell Bay, determine or 
prove the succession and identity of the series. At pp. 156-7 Mr, Blake remarks 
upon the similarity of the succession of the Colwell Bay beds with those of Headon 
Hill, and is ‘tempted to come to the conclusion’ that the two ‘ Venus beds are 
identical ;’ [they have always been so believed and recognised]; he at the same 
time states that ‘ it would be absurd to argue that they are identical because they 
contain similar common fossils,’ when it has been ‘ determined by Professor Judd 
that the faunas are remarkably distinct.’ We have no other method whereby to 
determine the age and synchronism of deposits except through organic remains, and 
the faunse of the ‘ Venus beds’ at both localities are to me identical, and Professor 
Blake depends upon fossil evidence all through his paper, yet evidently he 
has not carefully examined the more complete fauna of the ‘ Venus bed’ at 
both localities. In another paragraph, on page 157, the author states the 
proposition ‘that the Colwell Bay “Venus bed” is not certainly identical 
with that at Headon Hill, but may occupy a higher horizon.’ Mr. Blake sug- 
gests that the Headon Hill bed corresponds with the series intervening between 
the Colwell Bay bed and the How Ledge limestone; and that the Colwell Bay 
bed corresponds with the slightly fossiliferous sands immediately below the Headon 
Hill limestone. This position or suggestion certainly cannot be received. In 
this case the so-called two ‘ Venus beds’ would be superposed on each other, and 
nothing to separate them. The sands referred to are those at the base of the 
Upper Headon series, and are freshwater, for they contain Unio. Again, Pro- 
fessor Blake’s suggestion would thus place the Colwell Bay ‘ Venus bed’ below 
the Great Limestone, whereas Professor Judd in his paper would place it above. 

The author does not find any equivalents of the Colwell Bay oyster beds above 
the Headon Hill limestone at Headon Hill; indeed that would be impossible, for 
they are indisputably the Osborne marls of Professor Forbes, and capped by the 
Bembridge limestone. 

As regards the terms Eocene and Oligocene, and their relation to each other, 
and the correlation of British strata and fossils with those of Germany, &c., it is 
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far too intricate a question to be passed over, although without doubt the fluvio- 
marine strata of the Hampshire basin will ere long receive critical supervision with 
reference to similar deposits on the Continent. So far back as December 1863, 
Herr Adolf Von Konen read his paper on the correlation of the Oligocene de- 
posits of Belgium, North Germany, and the South of England, and endeavoured 
to show that in Britain we had an assemblage of fossils in our so-called Middle 
Eocene at Brockenhurst, Lyndhurst, and Roydon in the New Forest, that could be 
stratigraphically correlated with beds of the same age termed Oligocene in Northern 
Germany. The author believed that these Brockenhurst beds were of the same 
age as the Middle Headon beds of Colwell Bay and Whitecliff Bay. This view 
has led to much controversy, arising from the fact that no Brockenhurst species 
occur in Colwell Bay. The rich cabinet of Mr. I’, Edwards then afforded Von 
Kénen every facility for the comparison and determination of the species occurring 
common to Britain and Germany. Beyrich established the name Oligocene for the 
fossils of this age in Germany. The Lower Oligocene is well-developed, with a true 
marine fauna, in Belgium near Tongres (N. of Liége) and in the N. of Germany 
between Magdeburg, Bernberg, Egeln, and Helmstiidt (mear Brunswick). This 
Lower Oligocene contains 700 species of mollusca besides other groups. The most 
characteristic of these the author asserts are found at Brockenhurst, and in Mr. 
Edwards's cabinet fifty-six species occur, twenty-one of which are Barton clay forms, 
and forty-three of the fifty-six species occur in the Lower Oligocene of Germany, 


The following Papers and Report were read :— 


1. Notes relating to some of the Drift Phenomena of Hampshire: 1. Boulders, 
Hayling Island; 2. Chert Débris inthe Hampshire Gravel; 3. Elephant 
Bed, I'reshwater Gate. By Professor Prestwicn, M.A., F.R.S., F.GS. 


In this paper the author draws attention to a few points which have either: 
escaped notice or on which he would put a different construction. 1. The remark- 
able boulders of crystalline and other old rocks of Pagham were ncticed long 
ago by Mr. Dixon and Mr. Godwin-Austen ; and Mr. Codrington has more recently 
described similar boulders in the gravel of Portsea Island. Those of Hayling 
Island have not yet been noticed; nevertheless they are very numerous. The 
author describes two of granite and three of sandstone of large size on the shore near 
the railway station, and states that he counted thirty smaller ones in a mile to the 
westward of the station. The greater number, however, of those on the shore facing 
South Hayling village seem to have been collected to form rockwork in the Grotto 
grounds and in the grounds of Westfield House. Amongst them are boulders of 
granite, syenite, porphyry, slate, and sandstone. They are found scattered in lesser 
numbers all over the island, embedded in the flint gravel and loam which overlies 
the London clay. Mr. Godwin-Austen considered that the Sussex boulders might 
be derived from an old coast now submerged in the area of the British Chamnel, 
but the author sees reason to believe that they are more probably derived from 
the coast of Devon and Cornwall. <A large fragment of silicified Portland wood has 
been described by the Rev. O. Fisher from Pagham, and the author saw in Hayling 
Island a piece above two feet in length of well-characterised Portland wood, 
The granites and other rocks, though not yet determined, seem to resemble West of 
England rocks, and he saw none of the characteristic granite of Cherbourg 
amongst the boulders. Further, the author found at Stubbington Cliff and Hill 
Head numerous quartzite pebbles similar to those of the Budleigh conglomerate. 
He concludes therefore that the boulders were carried here by ice at the time 
of the old Raised Beach of Brighton, Portland, and the Devon coast, and that their 
absence in the intermediate area is due to the destruction of the beach and the 
wear back of the old coast line, except at a few spots where, with remnants of 
the beach, the boulders have been preserved. 

2. Amongst the elements of the flint gravel of the Hampshire (inland) area, 
Mr. Codrington notices the abundant tertiary débris, and a few old rock and 
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quartz pebbles, but the occurrence of Greensand chert and ragstone does not 
appear to have been yet noticed by any writer on the subject. As this constitutes 
a very essential point in the consideration of the origin of the drift and other ques- 
tions, the author wishes to draw attention to its constant presence in all the flint 
gravels from the coast to the extreme northern boundary of the tertiary basin, 
not only in the low-leyels and valleys, but also in the higher level gravels of the 
highest hills, of chert and ragstone which so far from being rare are often present 
in the remarkably large proportion of 5 to 10 per cent. 

3. The drift at Freshwater Gate has been divided into lower and upper flint 
gravel and overlying brick earth; the upper gravel with elephant remains, and the 
brick earth with pupa and succinea. The author considers, however, that the drift 
constitutes only one mass irregularly bedded and irregularly intercalating; that 
it is in fact a series of lenticular and thinning-out masses rather than regular beds. 
In this respect as well as in its organic remains it resembles the drift and rubble 
bed overlying the Raised Beaches of Brighton, Sandgate, Portland, and the coast 
beyond, with which, therefore, the author correlates it. The author further shows 
that, as suggested by Mr. Codrington on other grounds, the land at the back of 
the Isle of Wight has been much encroached on by the sea, and he argues from the 
presence of chert from the Greensands, and of ironstone fragments apparently 
from the Wealden, that the valley at Freshwater Gate extended some distance 
further south and ended in hills, now removed, of Wealden and Greensand strata. 


2. Notes on the Bure Valley Beds and the Westleton Beds. 
By Horacz B. Woopwarp, F.G.S. 


After referring to two papers read before the British Association at York in 
1881 by Prof. Prestwich, the author stated bis reasons for concluding that the 
pebble-gravels of the Bure Valley with Tellina Balthica (the Bure Valley Beds 
* proper) were distinct from the shingle at Westleton (the Westleton Beds proper). 
In company with Mr. J. H. Blake, he had (in 1876) traced the latter beds from 
Westleton to Dunwich Cliff, where they occurred in the upper part of the so-called 
‘Middle Glacial’ beds of Messrs. Wood and Harmer. These Westleton Beds, con- 
sisting largely of flint-shingle, have been traced from Westleton and Southwold to 
Halesworth and Haddiscoe. In the neighbourhood of Haddiscoe and Loddon, the 
author had found evidence to show that this shingle occurred above the Lower 
Glacial brick-earth (Contorted Drift), and hence that the Westleton Beds could 
not be of the age of the Bure Valley Beds, which occurred beneath this brick-earth, 
and (in his opinion) formed the upper portion of the Norwich Crag Series. For the 
same reason, the Mundesley Beds, which occurred beneath the Lower Glacial Drift 
on the Norfolk coast, could not be of the age of the Westleton Beds, Nor were 
the Mundesley and Bure Valley Beds of the sameage. The former include the Leda 
myals Bed of Mr. C. Reid, which occurs at the top of the Forest Bed Series; the 
latter are equivalent to the Weybourn Crag which occurs at the base of the Forest 
Bed Series. Hence the Bure Valley Beds were part of the Norwich Crag Series, 
and of Pliocene age ; the Mundesley Beds belonged to the debateable group of ‘ Pre- 
Glacial’ Beds ; while the Westleton Beds were of Glacial age. 


3. On the Sources of the Salt Supply of India. 
By Professor V. Bau, M.A., F.R.S., F.G.S. 


Although the general economic importance of the salt trade of India is widely 
recognised, the nett annual revenue derived from the salt tax amounting to 
7,000,0002., still the actual nature of the varied sources which contribute to the 
supply are perhaps not so well understood as might be expected. 

_ These sources may most conveniently be ranged under the following head- 
ings :— 

I. Imports.—Chiefly from the United Kingdom, but also from Arabia. Total 
per annum 800,000 tons. 


—_— >. 
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IJ. Sea-salt.—Is prepared in pans on the sea-coast, either by solar or artificial 
evaporation. 

III. Liviviation of Saline earths.—The presence of various salts in the soil is 
attributable to a high degree of evaporation unaccompanied by subsoil drainage. 
Sterility over wide areas, where this is the case, has often resulted from irrigation. 

IV. Saline Springs and Wells.—Very abundant in parts of Assam, Burma, and 
the Punjab, where, as is often the case in other countries, they occur in conjunc- 
tion with petroleum springs. 

V. Lakes with lavee drainage areas and no outlets. Principal of these situated 
in Rajputana. The present annual out-turn of the Sambhar Lake exceeds 
100,000 tons. 

VL. Rock-salt.—Tiere are two deposits, both situated in the Punjab; though 
geographically speaking they occur near to one another, geologically they are 
widely separated, being of Silurian and Kocene ages respectively. 

The author having given some details under each of the aboye headings, and 
mentioned the modes of occurrence of some other salts besides the sodium chloride, 
stated that more complete information on these subjects would be found in his 
‘Economic Geology of India.’ 


4, Prebiminary Report on the Flora of the ‘ Halifax Hard Bed,’ Lower 
Coal Measures.—-See Reports, p. 267. 


5. On the Iron and Lead Measures of Tynehead, Alston. By C. E, Dr 
Rance, F'.G.S. Assoc. Inst. C.E. 


The carboniferous limestone of this area is capable of division into a series of 
beds of limestones, separated by thick deposits of shale and sandstone, traversed by an 
intrusive sheet of basalt known as the Whin Sill. The section above that horizon 
consists only of 200 feet of limestones, while sandstones reach 350 feet, and shales 
520 feet. Beneath the Whin Sill there are 900 feet of measures in which occur 
many important beds of limestone, one of which, the ‘ Melmerby Scar Limestone,’ 
reaches a thickness of 124 feet. The chief lead measures occur in the Great 
Limestone (70 feet), the Scar Limestone (30 feet), and in the Tyne Bottom 
Limestone—the latter deriving its name from the South Tyne over which it 
flows for a considerable distance. Below this horizon but little has been done to 
explore the lead lodes, owing to the water-charged character of the strata 
beneath the river bed. 

The veins are nearly in every case faults of small throw. Where the two 
‘cheeks’ consist of limestone, the fissure forming the vein contains lead, when it 
intersects beds of sandstone it is filled with copper, and in both cases, when these 
are absent, the veins are filled with brown iron-ore, containing 30 to 45 per cent. 
of metallic iron. Should the proposed railway between Middleton in Teesdale 
and Alston be carried out, it will bring these valuable iron-ores into easy access of 
the Middlesboro’ iron furnaces. 


6. On the Geology of Cardigan Town. By Watter Kuepine, M.A., F.G.S) 


The pale felspathic grits and black slates of Newport Bay and Cardigan are of 
Middle Bala or Caradoc age—not Llandovery as hitherto supposed. 

Above these come (2) rolling beds of pale-coloured, coarse, flaggy slates, and 
pale blue splintery slates, doubtless also of Bala age. Some rather darker shaly 
slates (3) with rabby shales and ‘cone in cone’ concreticns next succeed, and 
then we meet with (4) a small compact set of pale felspathic grits of the same 
character as those at Cardigan. These also I regard as probably of Bala age 


1 Geological Magazine, 1882, p. 519. 
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(Upper Bala slate series). The overlying rather dark shaly slates (5), with some 
rab, presenting the gradual incoming of the Aberystwyth grits, are passage beds of 
Caradoc—Llandovery age. 

The grits of Llangrannog are the same asthose of Aberystwyth (Abervstwyth 
grits), and the overlying slates with worm-like markings are our ‘ Metalliferous — 
slate series’ which belong to the same great rock group. 

There is no evidence of any stratigraphical break in the rock groups of South 
Cardiganshire from the Llandeilo to the Llandovery period inclusive, but the whole 
series appears perfectly continuous. 

The Aberystwyth grits are less developed here than further north, this being 
near the line of their southerly disappearance by dying out. 

Here then, as in North Wales (Dovey Valley), we find a considerable series of 
Upper Bala slates passing up into the Llandovery group. it has been proved 
elsewhere that the Cardiganshire rock group lies conformably under the Tarannon 
shales, and here we find its inferior limits equally ill-defined, gradually passing 
down into a great series of imperfect slate-rocks which belong to the Upper Bala 
group. 

i Thus we find no great physical break, but perfect continuity amongst the 
Silurian and Cambrian rocks of South Wales. 


FRIDAY, AUGUST 25. 
The following Papers and Reports were read :— 


1. On the Post-Miocene Deposits of the Bovey Basin, South Devou. 
By W. Penecetty, F R.S., GS. 


The deposits of the Bovey Basin stretch in a south-easterly direction for about 
nine miles from the neighbourhood of the little town of Boyey Tracey to that of 
Kineskerswell. The river Teign flows through the area for about fiye miles, and 
its tributary, the Bovey, for about three miles. Investigations carried on in 1860-1 
showed that, near the north-western end of the basin, the deposits consisted of 
three distinct groups, the lowermost being a group of lignites, clays, and sands; on” 
which Jay unconformably an accumulation termed ‘ Head,’ consisting of clay and— 
sand, with very numerous angular and subangular stones ; on which again lay the 
uppermost group of clays and sands, with remains of the dwarf birch (Betula 
nana). The lignite group is admitted on all hands to be of Lower Miocene or 
Upper Eocene age; the Betwanana clays belong with equal certainty to early post-_ 
elacial times, when a flora now confined to Arctic and Alpine habitats flourished 
in South Devon; whilst the intermediate Head, necessarily of intermediate age, is — 
believed by most observers to be of glacial age and origin. 

Since 1861 a human figure carved in wood, potsherds, and a bronze spearhead, © 
have been met with in various parts of the Head, all near the Teign, and below its 
ordinary level; whilst in 1881 a canoe, formed by hollowing out a large tree, and 
nine feet long, was found thirty feet below the surtace ; that is to say, it lay twenty 
feet deep in clay, over which was the Head, having a depth of ten feet. Its site was 
twenty feet above the level of the highest known flood-waters of the Bovey, the 
nearest river, and eighty feet above spring-tide highwater. 

In speculating on the chronology of the ‘finds,’ the writer stated that there 
was historical proof that there had been no change of leyel within the area since 
the Norman Conquest, and if the Fosse-way be a Roman work, none since the 
Roman occupation. He was of opinion that the hypothesis of the rivers having, in 
times of flood, dislodged and redeposited portions of the Head, and incorporated 
comparatively modern objects, was sufficient to account for the presence of the 
wooden figure, the potsherds, and the spearhead ; but that the canoe, from its great 
depth in the clay, in which stones had never been found, belonged to a different 
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category ; that, in short, he saw no reason to doubt that the era of the canoe was 
prior to that of Betula nana in Devonshire; prior, also, to the accumulation of the 
Head; and that, if the Head be of Glacial age, the canoe belonged to at least 
Glacial times. 


2. On the Origin of the Hematite Deposits in the Carboniferous Limestone. 
By Epwarp WetHERDED, F.G.S., F.C.S. 


The author contended that the so-called ‘ pockets’ of hematite which occur in 
the Carboniferous Limestone were caverns and fissures into which the ore had been 
introduced by water agency, There were two or three signs which indicated an 
approach to a pocket of ore. 

1. Joints appeared in the rock through which water percolated. 

2. An ordinary cavern opened out, termed by the Welsh miners a ‘locus,’ the 
sides of which were coated with large crystals of carbonate of lime, 

3. Traces of iron are found in the ‘locus.’ 

The fact that the first indications of ore were cracks in the rock, down which 
water percolated, certainly pointed to the inference that by a similar percolation, the 
hematite has been brought into its present position. That it has been de- 
posited by aqueous agency was clear from the crystalline character of some of the 
ore. Further, there was just what would be expected from water containing the 
carbonates of lime and iron in solution where not exposed to the atmosphere, namely, 
lime has been first deposited and subsequently hydrated peroxide of iron. 

The next point considered was, from whence was the iron derived. The highly 
ferruginous character of the Carboniferous strata was well understood, and the fire- 
clays indicated that large quantities of iron had been rendered soluble by the de- 
oxidizing influence of decaying vegetable matter, and removed by the percolation 
of water. But, as to whether it was this iron which had given rise to the Carboni- 
ferous Limestone hematite deposits was a matter for consideration, It was doubt- 
ful whether there would have been sufficient time for the fissures and caverns to 
have so far developed as to form receptacles for the coal-measure water charged 
with carbonate of iron. It must, however, be remembered that after the uplifting 
of the Paleozoic rocks there was a vast lapse of time during the denudation by 
the Triassic Sea, and that much of the limestone, not now overlain by the Coal 
Measures and Millstone-crit, was covered by those beds for a considerable time. 
Further, water percolating through the Coal Measures would become highly charged 
with carbonic acid, given off from vegetation undergoing transition into coal, and 
water, so charged, would not be so long in dissolving and eroding out caverns. 

Mr. Etheridge had referred’ the origin of the Carboniferous hematites, in the 
West of England, to the infilling of faults, fissures, ete., during the denudation by the 
Triassic Sea; but stated that ‘‘ doubtless the percolation of water through overlying 
strata, highly charged with oxides of iron, had been a source and mode of accumu- 
lation.” Though the author was disposed to consider it possible that some of 
the hematite may have been derived from the percolation of water through 
the Coal Measures and Millstone-grit, yet he agreed with Mr. Etheridge 
that the most probable source was from the Trias rocks; not, however, during 
the accumulation of the strata composing that formation, but by subsequent 
percolation of water after consolidation of the beds, This water, on arriving at the 
Carboniferous Limestone, would flow down the cracks, fissures, and joints, provided 
there were such, but a comparatively small portion would filter through the actual 
rock on account of its being but slightly pervious to water. The author considered 
that it was owing to this fact that we generally find hematite where the Magnesian 
Conglomerate rests upon the Carboniferous Limestone. The water being unable to 
penetrate the rock, would naturally find an outlet at the junction of the two forma- 
tions, and the conditions would soon be arrived at when the deposition of the iron 
would take place. 


1 Quart. Journ. Geol. Society, 1870, ix. 185. 
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3. Report on the Earthquake Phenomena of Japan.—See Reports, p. 205. 


4. Report on the Conditions under which ordinary Sedimentary Materials — 
may be converted into Metamorphic Rocks.—See Reports, p. 239. 


5. On some Fossils of the Inferior Oolite. By the Rev. G. F. Wuutp- 
BORNE, M.A., and Professor W. J. Soutas, MA., F.GLS. 


Part I.—Lainellibranchiata. By the Rev. G. F. Wuipporne. 


The following shells occur in Britain. Ostrea spheroidalis, a large hemispherical 
form from Yeovil Junction; O. munda, flat and pear-shaped, from the Cotswolds ; 
O. evplanata (Goldf.) and O. knorri (Ziet.) ; Gryphea abrupta, Dundry, which mimics 
Trigonia costata; G. cygnoides, Brodwinsor, elongate with striated umbo, and ZL. 
globula,a miniature of £. columba; Pecten fenestralis, Dundry, unlike P. retiferus by 
having its tesserze square, and P, cornutus (Qu.) ; Plicatula Tawneyi, Dundry, like Fl. 
reticulata, but trigonal, and Pl. Buckmani, Yeovil Junction ; Lima epybolus, Brod- 
winsor, like, but with more distant ribs than, LZ. Renviert (St.); L. amnifera, 
unlike L. aciculata (Gf.) by having a smaller anterior ear, and L, alticosta ; 5 Ci ucul 
lea perlonga, like A. lata (K. and D. ), but smooth, and Nucula nucleus (Desl.) ; 
Mytilus striatissimus, Dundry, more ungulated than M. pectinatus (Sow.); Myoconcha 
unguis, Dundry, large, massive, and with sharp curved anterior, and M. implana, 
Dundry, a wide trigonal shell, with a straight hinge line almost as wide as itself ; 
Cardita ovalis (Qu.), and Moreana (Bay.), Thracia Studert (Ag.); Terebratula 
Davidsonella, small hemispherical with minute ribs, and 7. disculus (Waagen). 


Parr IIl.—Spongide. By Professor Souuas. 


The inferior oolite has not hitherto furnished any species of sponge to palzeon- 
tologists i in this country or abroad, we are therefore much indebted to my friend 
the Rev. G.F. Whidborne for the somewhat lay ge collection of fossil sponges (four- 
teen species belonging to ten genera), which he has brought to light from this 
formation, and which he has placed in my hands for description. 

Of Dictyonine Hexactinellide we have (a) belonging to the Euretide, (1) the 
new genus and species Lymploca ovata, a very similar form to Porocypellia among the 
Staurodermata, but generically distinguished from it by the simple Euretid cha- 
racter of the skeletal nodes, and still further separated by the absence of a continuous 
dermal skeleton. In outward appearance, and in the characters of its canal system, 
it most nearly approaches Scyphia radiata ovalis, Quenstedt, which is found in the 
White Jura 6. (2) Mastodictyum Whidborni (n. g. and sp.), a thin foliaceous 
plate which buds off on the upper surface small mammillary processes, each of 
which is occupied axially by a cylindrical excurrent canal terminating in a sharply 
margined apical oscule. (3) Leptophragma fragilis (n. sp.). very similar to 7” 
foliata, Quenst. (¥) Belonging to the Meandrospongie, according to’ Zittel’s 
classification, but naturally more closely connected with the preceding species, we 
have the new genus Plectospyris, with its two new species, P. elegans and P. major. 
This genus approaches most nearly to Plocoscyphia, but is distinguished from it by 
the simple imperforate character of its nodes. (¢) Allied tothe Ventriculide, we 
have Calathiscus variolatus (n. g. et sp.). This genus differs from typical ventricu- 
lites in having the nodes irregularly, not octahedrally, complicated, resembling 
in this respect “Dactylocaly yx more than Myliusia. 

Of Lithistida, we have the Rhizomorine form Platychoni tenuis. Of Catagmide 
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(Pharetrones, Zit.), there are several species belonging to the Peronella and other 
genera, 

Many of these species are scarcely separable from those occurring in the White 
Jura of the Continent. The characters of the deposits in which they are found 
indicate shallow water conditions, thus showing that the Hexactinellid sponges 
were at this time less characteristically deep-water dwellers than at the present day. 
The originally siliceous skeletons of Hexactinellids, Lithistids, and Catagmids have 
all alike undergone a complete replacement by carbonate of lime ; the silica removed 
has been redeposited in quartzose granules and crystals, frequently replacing the 
calcic carbonate of associated corals and other fossils. 


6. Highth Report on the’ Circulation of the Underground Waters in ihe 
Permeable Formatiuns of England, and the Quality and Quantity 
of the Water supplied to various Towns and Districts from these For- 
mations.—See Reports, p. 213. 


7. Evidence of Wave-Action at a depth of 40 fathoms in the English 
Channel. By Arruur R, Hunt, M.A., F.GS. 


The author described and exhibited a soda-water bottle trawled about 20 miles 
S.S.E. of the Start in a depth of about 40 fathoms. It is partially encrusted with 
marine organisms. The surface, where exposed, presents the appearance of being 
finely scratched or ground, and the embossed letters of the legend are chipped and 
abraded. Many of the encrusting serpule are in a fragmentary state. The bottle 
when received was about half full of a deposit consisting of quartzose sand, small 
stones, shells (both whole and fragmentary), and other organic débris. Thirty-eight 
species of shells have been recognised ; two of them, a fusus and a single valve of 
pecten, were so large that they could only pass through the neck of the bottle in 
one position, the interior of it being slightly oval. 

The abraded exterior surface of the bottle, the broken serpule, and the presence 
of stones and such large shells in the interior, indicated a considerable disturbance 
at the bottom of the sea at some time after the bottle had been deposited there. 
The fact that serpule were present at all proved that the disturbance was inter- 
mittent and not continuous. The intermittent character of the disturbance 
precluded its being referred to tidal currents, which would be constant in their 
action, and pointed to reciprocal currents set up by waves during violent storms. 
The fact that the exterior surface of the bottle in places presents the appearance of 
ground glass cannot be ascribed to any chemical action of the sea-water, as there 
is no corrosion of the interior surface; nor can the chippings of the embossed 

‘letters or the abrasion of the exterior surface have been in existence before the 
bottle fell into the sea, as they are unlike the wear and, tear exhibited by any old 
soda-water bottle in common use. The fusiform shape of the bottle, presenting as 
it does no plane surface on which to rest, would render it liable to be rolled by any 
currents at the sea-bottom. 

For further evidence of the ‘ction of waves on the bottom of the English 
Channel, the author referred to his paper on the Formation of Ripplemark. (Proc. 
Roy. Soc., 1882). 


8. List of Works on the Geology and Paleontology of Oxfordshire, Berk- 
shire, and Buckinghamshire. By W. Wuitaker, B.A., F.G.S.—See 
Reports, p. 327. 
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SATURDAY, AUGUST 26. 


The Section did not meet. 


MONDAY, AUGUST 28. 
The following Papers were read :— 


1. Mention of an example of an Early Stage of Metamorphic Change in Old 
Red Sandstone Conglomerate, near Aberfoil. By Professor James THom- 
son, DL.D., F.R.S. 


The present communication relates to metamorphic changes noticed in Old Red 
Sandstone Conglomerate near A berfoil, in cuttings on the new branch railway from 
Buchlyvie terminating at Aberfoil. 

The author had an opportunity of seeing this on the occasion of a recent visit 
to the railway, through the invitation of Mr. Charles Forman, of Messrs. Formans 
and McCall, engineers of the line. Mr. Forman pointed out various geological 
features which were exposed to view in the cuttings for the railway. Among 
these were waterworn conglomerate pebbles, which had undergone distortion and 
partial crushing, obviously indicating that they must have been from some cause 
reduced to a semi-plastic condition. 

The phenomena of these altered pebbles seemed to be of much interest in 
connection with considerations or speculations as to what might be the softening 
agency to which they had been subjected. Specimens were brought away; and 
some of them are now shown to the meeting. 

By inspection of these specimens it may be observed that they have yielded in 
a plastic manner to the pressure of their contiguous neighbours, that they have 
been impressed one into another at the spots of mutual contact, arid that they have 
bulged out and cracked open at intervening places between these spots of compression. 

The pebbles appear, many or most of them, to be quartzite. 

At various places in the cuttings of the railway within the first mile of its 
course from A berfoil, the Old Red Sandstone Conglomerate of the district was found 
to be altered in this way; but throughout the most of that space no such great 
alteration was to be found, as the pebbles generally appeared not to have been 
reduced to a plastic and yielding condition. 

Questions must now occur for consideration and research, which howeyer 
the author does not propose at present to answer, as to whether the softening 
influence was merely a high temperature producing a partial fusion of the stone ; 
and, if so, how the heat came to be localized of applied at particular places more 
than others; also, whether hot water under great pressure, or hot gases, or vapours 
of voleanic origin, were concerned in producing the effects. 

The author presumes that such phenomena as those he has described must have 
been already noticed in various localities; but he thinks the subject may yet be 
worthy of further research and consideration. From Mr. John Young, F.G.S., 
Under-Keeper of the Hunterian Museum in the University of Glasgow, he has 
learned that Dr. Page, in a lecture delivered by him before the Geological Society 
of Glasgow about 16 years ago, exhibited examples of similar quartzite pebbles 
from the Nethan Water, near Lesmahago, which were similarly cracked and dis- 
torted by the pressure of contiguous pebbles. 


. 
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Addendum. 


Since the close of the meeting the following list of references to authorities on 
like or allied phenomena has been prepared by Mr. W. Topley, F.G.8., Geological 
Survey of England :— 

1795. J. Hutton: ‘Theory of the Earth, vol. i. p. 467 (Arran), 

1836, J. Phillips: ‘Geology of Yorkshire,’ Mountain Limestone District, p. 14 
(Old Red Conglomerate, W. Yorkshire). 

1844, [R. Chambers]: ‘Chambers’ Journal,’ Nov. 25. 

1845, [Sir] W. C. Trevelyan: ‘Quart. Journ. Geol. Soc.’ yol. i. p. 147 
(Arbroath and Stonehaven), 

1850. W. Stevenson: Ibid. vol. vi. p. 420 (Old Red, Lammermuirs). 

1855. [Sir] A. O. Ramsay: Ibid. vol. xi. p. 200 (New Red Conglomerate). 

1855. J. Nicol: Jbid., p. 545 (Stonehaven). 

1857. A. Daubrée: ‘Comptes Rendus,’ vol. xliv. p. 823 (Experiments). 

1860. J. Tyndall: ‘Glaciers of the Alps,’ p. 404. 

1860. E. Hitchcock: ‘Amer. Assoc. Se. p. 156. 

1861. E, Hitchcock: ‘ Amer. Journ. Sc.’ vol. xxxi. p. 372. 

1861. H. D. Rogers: Ibid. vol. xxxi. p. 440. 

1862, E. Hitchcock: Sixth Ann. Rep. Maine Board of Agriculture (quoted 
in ‘ Quart. Journ. Science,’ vol. i. p. 125, 1864). 

1862. [Sir] A. C. Ramsay: ‘Catalogue of Rock Specimens, Museum of 
Geology, London,’ 3rd ed. p. 11, Silurian, Wales; p. 60, Old Red ; 
p. 116, New Red. 

1865. H. C. Sorby: ‘Proc. Geol. and Polyt. Soc.’ West Riding of York- 
shire, p. 458. : 

1866, J. Geikie: ‘Quart. Journ. Geol, Soc.’ vol. xxii. p, 513 (Silurian, 

Ayrshire), 

1869. W. P. Blake: ‘Amer. Assoc. Sc.’ vol. xviii. p. 199. 

1870. A. Geikie: ‘Catalogue of Rock Specimens, Edinburgh Museum,’ pp. 
51, 55. 

1871, ‘Memoirs of the Geological Survey of Scotland,’ Sheet 15, pp. 
ii ealle 

1874, H. C. Sorby: ‘ Impressed Limestone Pebbles’ (Cardiff Nat. Soc.) 

1875. W. Molyneux: ‘N. Staff. Field Club Papers’ for 1875, p. 103 (New 
Red, Trentham), 

1879, A, Daubrée: ‘ Etudes Synthétiques de Géologie Expérimentale,’ yol. i, 
p. 404 (Experiments), 

1882. A, Geikie: ‘Text Book of Geology,’ p, 312. 

N.B.—In the publications of Sorby (1874), Daubrée (1879), and Geile (1882), 
references are given to authorities other than those noted above. 


2. On Features in Glacial Markings noticed on Sandstone Conglomerates at 
Skelmorlie and Aberfoil. By Professor James Tuomsoy, LL.D., 
F.R.S. 


When glacial striation is met with on rock faces, it may often be a matter of 
interest to find in which way along the direction of parallelism of the strive the 
abrading or polishing ice must have advanced. Casual observers, unskilled in the 
scrutiny of giacial phenomena, may sometimes too hastily assume, when they find 
the lines of the striz inclined to the horizon, that the ice has been moving over the 
striated rock-face or hill-side in the downhill direction of the strizw. The direction 
of the motion of the ice along the striz, however, cannot generally be safely inferred 
from mere local configurations of the land ; and, in some cases, the configuration of 
the land, whether locally regarded or considered in wide scope, may afford no de- 
cisive proof at all as to which way the ice has advanced along the strix, 
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In the rather limited researches which the author has had opportunity to make 
in respect to glacial phenomena in geology, he has felt interest in seeking for indi- 
cations presented by the striated rock-faces themselves, which might conclusively 
show in which way the ice must have advanced. He wishes, in the present paper, 
to make mention of one or two rather remarkable indications of this kind which he 
has met with in the last two years. 

At Skelmorlie, on the Vrith of Clyde, at a height of about 150 or 200 feet 
above the sea, he has found glacially striated surfaces, on red sandstone containing 
pebbles of quartz and of other kinds of stone. Many of these pebbles projected 
considerably out from the general smoothed and striated surface of the sandstone, 
and from each of such pebbles there extended to one side a ridge of the sandstone, 
like a tail, the sandstone being there worn away less than at other places devoid of 
the protecting influence of any hard protuberant pebble. The manner in which the 
protection had been given must have been this:—The ice, in passing over the 
protuberant hard pebble, must, in yirtue of its plasticity, have had a groove 
moulded into it by the pebble, and this groove passing forward from the pebble in 
the motion of the ice, must have worn away the sandstone facing to it less than 
would the other parts of the ice-face wear away the sandstone facing to them. 
The length of the noticeable tail would depend mainly on the distance that the ice 
couid advance before the groove in it would be gradually obliterated.. A pebble of 
the size of a bean, for instance, might often be found to have a tail visible for a 
length of five or six inches, or perhaps from that to a foot, and larger pebbles might 
be seen to have tails two or three feet in length. 

Again, on the recent visit to the railway cuttings near Aberfoil, referred to by 
the author in his previous communication, a remarkable example was found of a 
glacially worn and finely striated conglomerate rock face. The situation of this is 
at Ballanton, about a quarter of a mile from Aberfoil. The hard pebbles were of 
various sizes, and many might he of sizes such as those of beans, and eggs, and 
large potatoes. Some of them were worn away by the ice continuously with the 
surrounding sandstone matrix; but those of them which projected showed very 
conspicuous tails, many of which might be four or five feet long or more. 

Various other indications, presented by the striated surfaces themselves, of the 
direction along the strize in which the motion of the ice has heen made, may occa- 
sionally be found. Doubtless none can bé more strikingly remarkable than the 
tails extending from hard pebbles or other hard nodules, or hard veins, included in 
the ice-worn rock. The author wishes, however, to mention that on making minute 
examination, by a magnifying lens, of the scratches on worn quartz pebbles in the 
striated sandstone at Skelmorlie, he was able to find also in these very small mark- 
ings, indications which appeared clearly to show the direction of the motion of the 
ice, and that these indications were perfectly in agreement with those given by the 
tails extending from the pebbles along the striated sandstone surface. 


3. On the Equivalents in England of the ‘ Sables de Bracheux,’ and on the 
southern limits of the Thanet Sands. By Professor Prestwicu, F'.R.S., 
F.GS. 


The author dwells on the importance of establishing, in adjacent.but separate 
basins, a certain number of well-defined horizons. The lignite and fresh-water 
beds of the Paris Lower Tertiaries and of the Woolwich series form one such zone, 
but he considers the generally accepted correlation of the beds beneath not satis- 
factory. The Bracheux sands are still, by all other geologists, placed on the 
level of the Thanet sands and of the Lower Landenian beds, Some years ago* 
the author saw reason to suppose they might rather be correlated with the lower 
beds of the Woolwich series, and in this opinion he is confirmed by the more 
recent researches of M. Deshayes, by whom many new species were described, and 
many rectifications made of the species in M. Graves’s lists from the Bracheux beds. 


» Quart. Journ. Geol. Soc. for August 1855, p. 219. 
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He shows that the lower Woolwich beds become glauconiferous as they range east- 
ward through Kent; that the fresh-water element disappears and a marine fauna is 
substituted. This fauna contains such Bracheux shells as the Cytherea Bellovacina, 
Nucula fragilis, and several others; while the Glauconie Inférieure or Bracheux 
sands contain such characteristic Woolwich shells as the Ostrea Bellovacina, 
Pectunculus terebratularis, &c. Several of the shells are, it is true, Thanet Sand 
shells, but they also range up into the Woolwich series, whilst many characteristic 
Thanet Sand fossils, such as the Pholodomya Konickit and others, are wanting. 

The author concludes that the Thanet sands are absent in the Paris basin, 
as they are in the Hampshire basin; that the sea of that period was limited to the 
south-east of England, Belgium, and French Flanders, and that it was not until 
the commencement of the Woolwich and Reading period that the Paris area was 
submerged and beds of this age spread over it. The molluscan fauna of the latter 
period has as much analogy with the London Clay series as with the Thanet sands. 
If this correlation be correct, then it would relegate that remarkable deposit of the 
Rilly sands, with its group of curious species of Physa, Helix, Cyclostoma, &c., to 
the middle of the Woolwich and Reading series, instead of to the base of all the 
tertiary series, where it is now placed. As the question involves the range of several 
tertiary genera and many other questions hinge upon it, the exact determination 
of this point is of much interest, and the author, while advancing his own opinion 
on the subject, invites further attention to it, as the English fossils are few in 
number, and there are many points connected with it still somewhat obscure. 


4. Suggestions for a Revised Classification of British Eocenes. By J. 5. 
GarDNeER, F.G.S. 


Some modification in the classification of the Eocenes has become desirable, 
through the transfer of the Upper Eocene group of Edward Forbes to the Oligo- 
cene formation. The discovery of several distinct floras seems also to necessitate 
certain alterations, in order to bring periods, founded originally on changes in 
mollusea, into harmony with the more striking changes indicated by the plants. 
A grouping is suggested which separates the London clay from the Lower HKocene 
and brackets it with the Lower Bagshot beds as a Middle Eocene. The middle 
Bagshot series forms the Upper Eocene, while the Upper Bagshot may remain a 
meniber of the same formation or find a place in the Lower Oligocene. 

The great change in climate which took place between the Lower and Middle 
Eocene as thus grouped, and which led to the migration of the older eocene floras 
towards the pole, is pointed out, as well as the constant presence of a great river 
in our area flowing from west to east throughout the whole Eocene period. While 
the Lower Eocene and London clay depressions travelled from east to west and 
caused an advance of the North Sea, the middle Bagshot depressions commenced in 
the south-west and led to an incursion of a southern sea, and also caused the 
river delta to shift south-west to Hampshire. In the Barton period the two seas 
united temporarily. The temperature began to decrease after the Headon period. 


5. On the Classification of Oligocene Strata in the Hampshire Basin. By 
J. W. Ewes. 


The base of the Headon series at Long Mead End, Hordle, contains Cerithiwm 
concanum. At the top of the series a marine bed has been observed, which may be 
correlated with the Colwell Bay Venus-bed. The latter can be traced to the edge 
of Warden Cliff, and a similar Venus-bed is observed in Headon Hill. The author 
supports the view that the Colwell and Headon Venus-beds are one zone. He has 
observed the presence of Certthiwm concavum and C. ventricosum above the marine 
bed at Colwell, as at Headon. 
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Professor Judd’s list of Brockenhurst fossils contains 52 species from Colwell, 
not occurring at Brockenhurst; and 107 species from Brockenhurst, not found at 
Colwell ; while only 20 are recorded from both localities, This does not read like 
a list of species from one formation. 

At Headon occur about 30 per cent., at Colwell about 33, and at Brockenhurst 
(omitting corals) about 52 per cent. of species from below the Headon series. 
Professor Judd concluded that only 4th of the Brockenhurst species occur in beds 
below the Headon series. 

At ,Whitecliff a representative of the Venus-bed at Colwell occurs, and below 
it a representative of the Brockenhurst bed containing 69 marine species. Of 
these 51 occur at Brockenhurst, and 53°6 per cent. of them in beds below the 
Headon series. These numbers are gathered from Messrs. Keeping and Tawney’s 
lists. The occurrence of abundance of Cerithiwm coneavwm at Whiteclitf above 
the marine beds has quite recently. been observed by Mr. Keeping, 

The author concludes that there is only one middle marine group in the Headon 
series, with two zones of fossils, the Brockenhurst zone being the lower. He offers, 
as an explanation of the difficulty of correlating these beds with the continental, 
if the presence be admitted of C. concavum above the Brockenhurst marine bed, 
the suggestion that in the Hampshire area this species lived after as well as 
before the deposition of these beds, though apparently it did not survive the depo- 
sition on the Continent of the equivalent series of the Lower Tongrian, 

He supports Professor Judd in obliterating the group called the Osborne series, 
chiefly on the ground of the difficulty of finding any natural line between it and 
the Upper Headon, but would class these beds with the Headon series, not with 
the Bembridge, 

He also agrees with Professor Judd in obliterating the line of division made 
by Professor Forbes at the Black Band at Hampstead. he natural base of the 
Hampstead series is that proposed by Professor Judd—yviz. the Certthium band at 
the base of the marine beds. 


6. On the Outcrop of the Brockenhurst Bed, near Lyndhurst. 
By KE. B. Tawney, M.A., F.G.S. 


Fossils characteristic of the rich bed which he had been lately working in the 
railway cutting near Brockenhurst, were found by Mr. H. Keeping at Cutwalk 
Hill, Lyndhurst, in 1858. The well at Emery Down, closely adjacent, also yielded 
the same fossils in 1863, The excavations which the author had lately carried out 
with the assistance of the Rey. J. Compton of Minstead, on several sides of this 
hill show the succession of the beds to be, at the base of the hill, Upper Bagshot 
sands, next in ascending order freshwater Lower Headon, marine Brockenhurst 
bed, Voluta geminata zone, followed by beds not explored, but concluding with 
the freshwater Osborne marls at the top of the hill. The succession is therefore the 
same as at Whitecliff Bay. 

The thickness of beds between the freshwater Lower Headon and the Osborne 
marls is about 100 feet. The Brockenhurst bed yielded a few of its characteristic 
fossils, but near the outcrop these are weathered, or have entirely perished. It 
seems hopeless to expect well-preserved fossils in pits of less than 20 feet deep. _ 

In conclusion the discovery of the freshwater Upper Headon beds in the 
Roydon brickyard by Mr. H. Keeping, was announced. hey are found to be at 
least 7 feet thick, and contain layers rich in Potamomya plana. 


7. On Subsidence as the Effect of Accumulation. By Cuarnes Rickerts, 
M.D., F.G.S. 


There is no factin Physical Geology more frequently recorded than that, whilst 
the deposition of sedimentary strata has been in progress, there has been simul- 
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taneously a subsidence of the earth’s crust; though but little effort has been made 
to determine whether they are dependent on each other as cause and effect. 

Borings in deltas prove that depression to a great extent has occurred whilst 
the accumulation was being deposited. The greater amount of detritus derived 
from hills and valleys is carried into the sea, but, instead of filling it up, the water 
becomes of a great depth at a few miles from the mouths of large rivers. 

There was a progressive subsidence of the land during the Glacial period ; this 
may be ascribed to the weight of accumulated snow, and of the newly-formed 
boulder-clay ; a similar depression is occurring in Greenland, under a rapid increase 
of snow. 

The carboniferous series above the limestone afford most satisfactory evidence 
that the amount of subsidence coincides with that of deposition ; the surface of the 
limestone and the beds of coal furnishing sufficiently correct base-lines for deter- 
mining the question. Near its southern boundary in Coalbrookdale, the carboni- 
ferous limestone is overlaid by millstone grit, the thickness of which, as well as of 
the coal-measures, is there very inconsiderable, compared with localities in Den- 
bighshire and Lancashire. There is also apparent in numerous instances, even 
within a distance of a few miles, a considerable difference in the thickness of the 
strata between identical beds of coal. The most remarkable example recorded is 
that of the ‘ Thick,’ or ‘Ten-yard’ coal of Dudley, which, from thirty feet of 
coal, and with two to four feet of ‘partings,’ has five miles towards the north 
separated into ten or twelve beds of coal, which combined are of the same thick- 
ness, but with the intermediate measures amount to 406 feet.—(Jukes.) 

There must needs be a cause for this universal occurrence of subsidence with 
deposition of strata, the only eflicient one being the weight of the accumulated 
material pressing down the crust of the earth resting upon a fluid substratum. 

Elevation also happens on the removal of pressure, and ‘those regions which 
have suffered the greatest amount of denudation have been elevated most.’— 
(Captain Dutton, U.S. Ordnance Survey.) 

At the termination of the Glacial period, the land, depressed by its load of 
snow, became, upon this melting away, re-elevated to a certain extent. This, and 
the rising of the land at the present time in Norway and Spitzbergen, may be 
attributed to the removal of a thick covering of snow. 

In elevated districts the highest parts are those in which there has been the 
greatest amount of denudation, and often consist of the lowest rocks in a geological 
series, Thus in North Derbyshire the highest land is composed of carboniferous 
limestone, from above which more than 5,0U0 feet of later carboniferous strata have 
been removed. 

The author thinks that these depressions and elevations cannot be ascribed to 
secular cooling of the mass of the earth, since by such action the accumulation 
cannot also be accounted for; nor could the same agency acting only in one direction 
cause both depression and upheaval. 

The concurrent phenomena of accumulation and subsidence, and their converse, 
demand serious and careful investigation; especially as in them may he found 
the great moving-power upon which depends the greater number of geological 


cbanges. 


8. On the Cause of Elevation and Subsidence of Land. 
By J. S. Garpner, F.G.S. 


The paper c’aims that the evidence of the permanence of continents is incon- 
clusive as regards eocene and prie-eocene periods, and inquires what the shallower 
regions of the Atlantic mean, if they do not mean achange of Jevel at the sea- 
bottom. Assuming, with Sir C, Lyell, that at a given depth rocks are molten, and 
that under further pressure they are reconverted into solids of high specific gravity, 
the paper demonstrates that the outer envelope is susceptible to and gives way under 
any increased weight, and recovers when this is removed, The evidence relied upon 
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is that of coral isles, lava-flows, accumulations of ice, and of sediment in deltas, 
estuaries, and along sea-coasts. In these cases, unless there are counteracting 
agents, subsidence invariably follows, and littoral seas are thus areas of depression. 
The increasing pressure in deep oceanic basins acting on the fluid layer leads to the 
elevation of lines of least resistance into ridges or dry-land, these lines generally 
coinciding with coast-lines, and to volcanic outbursts. Geology demands pre-eocene 
communication between many lands. The elevation of land continuous between 
Europe and America in the north, during the Middle Eocene, was coincident with 
a cessation in the great formation of basalt, and its subsidence with a renewal of 
this. The conclusion is drawn that irregularities of surface have and will continue 
to become more and more accentuated. 


TUESDAY, AUGUST 29. 


The following Papers and Reports were read :— 


1. Onthe Geology of the Channel Tunnel. By Professor W. Boyp Dawxiys, 
MM.A., FR.S. 


The duty of examining the physical structure of the cliffs on either side the 
Straits of Dover, and of collecting all the data necessary for the purposes of a 
Channel Tunnel, having fallento my lot, I think it not inopportune to lay the results , 
of my inquiry before this meeting of the British Association. I will first of all 
deal with the English elifts. 


The Section of the English Cliffs. 


The rocks exposed in the cliffs between Folkestone and St. Margaret’s consist of 
the following in descending order :— 


Thickness 
VI. St. Margaret’s Bay chalk . ‘ : : ‘ 280 + 
V. Nodular chalk with flints . : ; : - 100 
TV. Chalk with few flints . . E ; : ; 100 
Il. Lower white chalk. ! ; ; - 137 161 
Il. Grey chalk and chalk marl No. 2 of Price . ‘ 202 to 2 
I. Chalk marl No. 1. of Price= Upper Greensand of old 
authors : é i : : : ; 5 to 15 
A. The Gault (Topley) — « 3 ‘ : . . 100 to 120 


Nos. VI., V., IV. constitute the upper chalk with flints, and III., IT., i. constitute 
the lower chalk of the English geologists. 

The Gault A, a stiff blue clay and impervious, forms the low line of cliffs, on 
the west side of Eastwear Bay, and disappears below low-water mark opposite the 
Abbot’s cliff tunnel. It has been struck at St. Margaret’s Bay in the deep boring at 
about 536 feet below O. D. 

The lowest bed of the chalk, No. I., the chalk marl No. 1 of Price, is a clayey 
calcareous deposit generally impervious, but in some places containing so much 
(glauconite) sand, that it aliows of the percolation of water. The sand gradually 
disappears in the upper layers, as far as the hard rocky chalk, which forms the base 
of chalk marl No. 2 of Price. From this point up to the top of the grey chalk, 
there is no great change in the physical character. The calcareous element, how- 
ever, increases, and the clayey element diminishes. I have therefore inthe preced- 
ing table grouped the chalk marl No. 2 of Price with the grey chalk, under the head- 
of No. IL., the difference being merely a paleontological one, the former being 
characterised by reefs of fossil sponges (PVocoscyphia meandrina). A well-marked 
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yellow band forms the upper boundary, defining it from the lower white chalk 
without flints, 

The lower white chalk without flints No. III. is composed at its base, of a hard 
nodular chalk, the grit-bed of Price, and it becomes softer and whiter as far as the 
first layers of flmt, which form the arbitrary line of demarcation, between the lower 
and upper chalk. The latter, comprising Nos. IV., V., VI., looser in texture and more 
calcareous than the beds below, needs no special comment in this place. The 
beds dip steadily to the eastward at a low angle, so that the base of the cliffs 
to the west of Dover is composed of the lower beds, and to the eastward of the 
upper. 

The French Cliffs. 


The cliffs between St. Pot and Sangatte reproduce all the characters of those 
between Folkestone and Dover, the subdivisions being easily identified, and the 
thickness of No. II. being very nearly unchanged. The beds, too, dip to the east, 
but at a higher angle. 

The continuity of these rocks beneath the Channel is proved by the researches 
of the French Channel Tunnel Company. 


Faults and Dislocations. 


The next question to be considered is, ‘Are these strata broken by faults and 
dislocations?’ Numerous faults and dislocations are to be seen in the English and 
French cliffs; but none of them are of great extent. The greatest throw on the 
English side, which I have observed, amounts to about eighteen feet, and on the 
French to twenty-five feet. In the lower part of No. II. the faults are closed fis- 
sures, not offering free passage to water, a fact proved not merely by the cliff-sec- 
tions, but by the results of the experimental tunnel driven along the face of 
Shakespeare’s Cliff. There they are merely dripping lines of weakness, easily stopped 
by ordinary appliances. On the French side the rocks are more broken, but no 
difficulty is experienced in drainage. The faults and dislocations in the beds above 
No. II. which form the cliffs to the east of Dover offer generally free passage to 
water and are open fissures. In Sir John Hawkshaw’s boring at St. Margaret’s 
Bay, a fissure three feet deep was met with, at a depth of more than 200 feet 
below the sea-level, and full of salt water. It is clear, therefore, that these rocks 
are penetrated by open water channels, which underneath the sea draw upon the 
salt water. This one, be it remembered, was casually hit upon in a small vertical 
boring. How many, it may well be asked, are likely to be intersected in a tunnel 
some miles long? They may be expected to prove a most grave element of danger 
in the course of working, and to be only made water-tight at a vast expense. Thus 
there is a difference of the greatest importance between No. II. and the beds above 
it, the faults and fissures which are closed in the one being open, and water-bearing 
in the other, 


The Porosity of the Beds. 


There is also the same difference to be noted in their porosity, for while the 
middle and lower parts of No. II. are, for all practical purposes, impervious, away 
from faults and dislocations, the beds above No. II. to the east of Shakespeare's 
Cliff and to St. Margaret’s are highly charged with water, as might be expected from 
their being continuous with those which supply London with chalk water. They 
form one series of water-bearing rocks. "i 

The impervious character of No. Il. is due to the large percentage of clay 
mingled with the chalk. On analysis I find it to be as follows :— ’ 


Per centum 


f clay 

No. III. Lower white chalk at 80 feet above yellow band . 4 57 
” ” ” 40 ” ” ; . 2°6 

” ” ” 20 ” . 185 


= Nodular Chalk 
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Per centum 


No. II. Grey chalk, yellow band : ; . ‘ . 10:5 
Upper grey chalk . 4 . ‘ : . ‘ 12:0 


Middle . . ; ; : ; : " , 60 
Lower . ‘ : ' 5 : , : é 33°0 
Cast-bed P ‘ ‘ ; 5 ; 5 - 15:0 
No. 4 of Price ‘ ‘ : ; , ‘ ; 16:0 
No. 3 of Price ; : 3 ; : : ; 40:0 
Chalk marl No. 2 of Price ; A F ; ? 31:0 
No. I. Chalk marl 1 near bottom (+ sand : ‘ : 75°0 
Top of Gault at junction P é ¥ ; - 45:0 


Bottom of shaft No. II. . ; : ; : ; 62:0 
Tunnel end, July 1 : ; ' ; : P 550 
Tunnel end, July 15 : : : . : - 42:0 


Tt is clear from the above table that the clay diminishes as we ascend in the 
rocks, and that the lower strata of No. LI. are the only strata in the series in which 
no difficulty is to be looked for, from the percolation of water. The three last ana- 
lyses show that the amount of clay in the rocks penetrated by the tunnel, in front of 
the Shakespeare Cliff is very considerable, and that it diminishes as the tunnel rises 
to the higher beds. This change will be a most valuable index to the position of 
the end of the tunnel.in carrying on the work in the rocks under the Channel. 

The water locked up in the pores of the strata penetrated by the tunnel is proved 
by the analysis of my friend Dr. Angus Smith to be fresh water. 


General Conclusions. 


From the foregoing facts it may be concluded that :— 

1. The lower beds of No. IL. (chalk marl 2, and the lower part of the grey 
chalk) are the only strata in the chalk sufficiently impervious to allow of the con- 
struction of a tunnel in the dry. 

2. That the outcrop of No. II. between Folkestone and the Shakespeare Cliff is 
the best position for a tunnel, which could strike the lower part of No. II. and 
remain in it throughout, so as to join the workings of the French Channel Tunnel 
Company which are being carried on in the same horizon. 

3. That the faults in the lower part of No. II. do not allow of. free percolation 
of waters, and are not likely to become a serious obstacle to the work. 

4, That the strata above No. II. are so porous, and traversed by open fissures, 
that they allow of free access to water, both subaérial and marine, and therefore 
offer great difficulties in the way of the construction of a submarine tunnel which 
are not presented by the lower beds of No. II. 


2. On the proposed Channel Tunnels in their Geological Aspects. 
By C. E. De Rancn, F.G.S., Assoc. Inst. C.F. 


To those who have not studied the geology of the South-east of England, 
it may appear somewhat remarkable that the advocates of the scheme of the 
submarine Continental Railway Company state that the grey chalk will be 
found to be perfectly dry, while the white chalk will be found to be heavily charged 
with water, requiring constant pumping.» But this apparent anomaly disappears 
when it is known that the geological horizon called by the East Kent people ‘ grey 
chalk,’ is the formation so well known in Sussex and Hants by the name of the 
chalk marl, long since described by Dr. Mantell, and, still longer ago, in that much 
read book ‘ White’s Selborne, where its great fertility when decomposed into ‘ white 
malm,’ and its value for hop- and wheat-growing purposes, is discoursed on. 

The chalk marl of Hast Kent differs in no respect from the chalk marl of other 
parts of the country, in being practically waterless, and heing the nearly imper- 
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meable material that supports the wonderful supplies of water given by the white 
chalk in many areas, amongst others, the area pumped by the Kent Water- 
works, east of London, which raise about ten million gallons daily, and could 
easily double that quantity ; while the chalk marl, in deep borings at many loca- 
lities, has been found to be absolutely waterless, as at Kentish Town, Harwich, 
Southampton. 

The Cliffs at Lydden Spout were measured by Mr. F.G. Hilton Price and 
myself in 1876, and were described by Mr. Price ina paper on the beds between the 
gault and upper chalk near Folkestone.!. The height at this point was found to be 
433 feet above the mean sea-level, and the thickness between the upper gault and 
first bed of flints (the upper chalk) to be 348 feet. 

Of this thickness the lower white chalk forms the upper 150 feet ; the upper 
part of this is the crate marneuse, and the lower part, the craie noduleuse, & 
I, labiatus of Dr. Barrois; the whole belongs to the Turonien of D’Orbigny ; 
the lower 32 feet is the zone of Cardiaster pygmeus of Mr. Price, and is the ‘ grit 
bed’ of local geologists, from its hardness being sufficient to turn the point of a 
pickaxe ; the mass of the bed is made of comminuted fragments of inocerami and 
other fossils. The overlying bed is soft, but is not so pure a white as the upper 
chalk ; water can freely percolate through it, but it is doubtful whether much can 
pass through the underlying ‘grit bed.’ 

Beneath is the junction bed, or zone of Belemnites plenus of Mr. Price, four feet 
in thickness ; it is of soft texture, and dark yellowish colour, and is of a poorer 
character. Below the junction bed is the grey chalk, 169 feet 9 inches thick, the 
upper 55 feet in the zone of Belemnites plenus of Dr. Barrois; the lower 93 feet is 
the crate argileuse avec bancs durs a ammonites rhotomagensis. The next 2 feet 
9 inches is the well-marked ‘ cast bed,’ which is marked and striped with mottlings 
of a darker colour; it contains a remarkable assemblage of fossils, which have some- 
what of a gault facies, and it essentially marks the horizon of springs in this area ; 
through it runs and issues the strong spring at Abbot’s cliff, known as the Lydden 
Spout, this formerly drove a water-wheel, giving the power required for a whiting 
manufactory which once existed at the foot of the cliff; in later times it has pro- 
vided water for the locomotives of the South-Eastern Railway. 

Below the ‘ cast bed’ is 19 feet of marly chalk, forming the zones of Ammonttes 
rhotomagensis and A. varians of Dr. Barrois. 

Beneath the marly bed forming the base of the ‘grey chalk” is the chloritic, or 
rather glauconitic marl; it is traversed by hard reefs of sponges, which are occa- 
sionally converted into iron-pyrites, and are more or less entangled with the bones 
of Ichthyosaurus ; it is the crate marneuse, with Plocoscyphia meandrina of Dr. 
Barrois. 

At Copt Point, the chloritic marl rests upon more sandy beds, which have beer 
believed to represent the upper green sand of more western areas ; but, according io 
Mr. Price and to Dr. Barrois, the facies it presents does not correspond with the upper 
green sand of the West of England, but is essentially a part of the facies of the 
chalk marl, and Mr. Price regards these sandy beds as the base of the chalk-mari, 
and calls it the zone of Stawronema Cartert ; itis the equivalent of Pecten asper of 
Dr. Barrois, and on the horizon of the Warminster beds. 

In Normandy M. Hébert classes the grey chalk and sandy beds as cénomanien, 
which he divides into three subdivisions :— 


Crate grise . ; A . . . + 16m.= 52 feet 


Gres caleareux < ° P . oa oS mi —00) 1, 
Glauconie sableuse . P ° ° ‘ . 41m.=1344 ,, 
246 


The water absorbed by the porous white chalk of North-East Kent, from the 
annual rainfall, follows the dip planes of the strata, and must circulate in the white 
chalk under the sea; and should the water be artificially abstracted in making the 
proposed tunnel in St. Margaret’s Bay, it must inevitably affect the existing water 


1 Quart. Journ. Geol. Soc. vol. xxxiii, Part III. p. 431. 
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supply of Dover town and castle, and moreover, as the water is abstracted from 
the chalk, the latter will come into the condition in which it can absorb the waters 
of the sea; the amcunt so absorbed is limited by the degree of porosity of the 
chalk, but even if the amount be only one million gallons per day, for each mile of 
tunnel driven, it must inevitably very seriously atfect the construction of a tunnel 
in this part of the chalk. 

Their areas and absorption may be taken at :— 


Average| Million 


Lower Greensand Papare Annual | Gallons | 4Psorption 
ue Rainfall | per Day sti 
Petersfield District fa 
Folkestone Sands—Midhurst to | ‘ nine t 
Kingsley Ce 18:8 36 27-17 9:05 
Sandgate Clay . : ‘ : é 10 36 14:48 —? 
Hythe Sandstone—North Heath } : t : 
bo Hindhead ug tists 34:9 36 50°28 16°76 
Total . 3 “ F : 5 53°7 — — 25°81 


The height of the springs and the consequent probable height at Southampton 
are given in the previous table. 


3. On the Synclinal Struciure of the Straits of Dover. By W. Tortey, 
F.G.S., Assoc. Inst. CE. 


The author briefly described the physical structure of the border of the Wealden 
district, and showed that most of the great transverse valleys—those which drain 
the Wealden district—lie in gentle synclinal troughs. This is the case with the 
transverse valleys intersecting the chalk and lower greensand escarpments. The 
Darent intersects the chalk only, and in this instance the transverse synclinal 
affects the chalk area only ; it does not extend so far south as the lower green- 
sand. 

The researches carried out by the French engineers over the bed of the Straits 
of Dover, have made known the exact outcrop of the gault over the sea-bed. 
From this it appears that the Straits coincide with a synclinal having its lowest 
point about one-third of the way from the English shore. This represents the 
old river valley which drained northwards through the chalk; the higher tribu- 
taries of this old river were the Rother and its branches, which now enter the 
English Channel at Rye. 

It is probable that there were originally six rivers on the south side of the 
Weald corresponding with those on the north. Only four of them now remain. 
The fifth is represented by the Ashburn; this now enters the sea near Pevensey, 
but it once traversed the chalk about two miles east of Beachy Head. The sixth was 
the Liane ; this now enters the sea at Boulogne, but it once traversed the chalk, 
and entered the English Channel a few miles west of the French shore.1 


4. Report on the Exploration of Caves of Carboniferous Limestone in the 
South of Ireland.—See Reports, p. 240. 


1 The synclinal structure of the transverse Wealden Valley was noticed by Mr. 
A. Taylor in Geol. Mag., dec. 2, vol. i. p. 456. Further details will be found in the 
Geological Survey Memoir on ‘ The Weald,’ 1875, p. 276. 
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5. On the Southampton Artesian Well. By T. W. Snore, F.C.8., and 
E. Westuake, F.G.S. 


In bringing forward this subject on behalf of the town, we place before the 
Section such details as we hope may enable them to form an opinion on a 
question of much local importance, viz., whether it is possible, by an extension of 
the existing well, to utilise it as a source of supply to the town. 

The amount of water yielded by the well, on the last occasion of pumping, in 
1851, was 130,000 gallons per day. The quantity at present supplied to the town 
from the Itchen is from three to three and a-half million gallons, but this is a 
much larger quantity per head than is found to be sufficient for towns under a 
regulated system of supply. It thus appears that the well yields about one twenty- 
fifth part of the quantity required. 

For the purpose of increasing the yield two methods are suggested. One of 
these is, to drive galleries or drift-ways in the chalk. The other, to continue the 
boring through the chalk into the upper and lower greensands. 

We will first describe the present condition of the well, and then refer to the 
probable nature of the strata below the point reached by the boring. 

The work of excavation was carried on from July 1838 till February 1851, ata 
total cost of 19,0007., and reached a total depth of 1,517 ft. 

A well was sunk by means of iron cylinders and brickwork, through 464 ft. of 
the tertiary beds. The diameter is 13 ft. at the top, and diminishes by successive 
stages to 7 ft. in the lower portion. 

The beds passed through consist of: 2 ft. of soil; 74 ft. of lower Bagshot 
beds, consisting of sand and clay in alternations; 504 ft. of London clay, consisting 
of sandy clay, with seams of water-bearing sand, and pebble-beds towards the top ; 
84 ft. of plastic clay, with the usual bed of greensand at the base. The chalk was 
reached at a depth of 464 ft., where the masonry was terminated. The 7-ft. shaft 
was continued 99 ft. in the chalk. A boring was then made with a six and a-half 
inch auger to a further depth of 754 ft., making a total of 853 ft. in the chalk, or 
1,317 from the surface. The chalk isstated to have contained flints, all but the last 
10 ft. The bottom 15 ft. of the flinty chalk is described as blue and clogey. The 
last 10 ft. contained veins of clay, and were very cloggy. 

At this point the boring was stopped, the cost at that time being twice 
as great as it is at present, and the report of Mr. Ranger, the consulting 
engineer, being unfavourable to its continuance. 

The mouth of the wellis 140 ft. above the level of the sea, and the water stands 
at present at 40 ft. below the surface of the ground. 

Most of the water appears to come from the chalk. Previous to the commence- 
ment of the boring in 1842, 20,000 gallons per day were raised; in 1844, after con- 
siderable progress had been made in boring, this. increased to 50,000 gallons ; 
and finally, in September 1851, to 130,000 gallons. The chalk thus supplies about 
five-sixths of the whole quantity. 

In connection with the method of increasing the yield of a chalk well by driving 
galleries, we give a few particulars of the Brighton Waterworks, as an example of 
the application of this method to the supply of a large town. 

Those who know the Brighton Downs will be aware that the rain forms no 
surface streams. It is entirely absorbed, and passes to the sea through fissures in 
the body of the chalk. Since the chalk is as retentive as it is absorbent, it seems 
probable that the drainage in chalk districts takes place almost entirely by means 
of these fissures. In the Brighton Works the fissures are found to follow the dip 
of the beds. They vary in size, up to a few inches in width, but are generally not 
more than three-fourths of an inch. The sides of these fissures are usually of the 
colour of mahogany, caused by the infiltration of small particles of the upper clays, 
and are polished by the continual friction of the water. 

The plan adopted at Brighton is to sink wells, and drive tunnels or adits at the 
bottom of these wells in a direction parallel to the strike, so as to cut as many as 
possible cf the fissures and intercept the water before flowing to the sea. In the 
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tunnels at Goldstone Bottom two enormous fissures were pierced at about 160 feet 
distant, each of which delivered at once quite 1} million gallons per day. The 
total length of the tunnels at Brighton is 4,200 feet, or four-fifths of a mile. The 
quantity supplied is about 3 million gallons per day, but the amount that can 
be pumped daily without exhausting the wells is not less than 8 millions." 

Applying these facts to the case of the Southampton Well, it is obvious that 
the extent of the chalk north of Southampton is much greater than that to the 
north of Brighton. And if, as is probable, the rainfall on this area (about 1,000 
square miles) is only partially accounted for by the rivers which flow through it, 
it follows that a portion must escape to the sea by permeating through the mass 
of the chalk; and if, as elsewhere, this permeation takes place along vertical 
fissures, there may be plenty of water in the chalk beneath Southampton, although 
little has been found by boring, for the chance of hitting one of these fissures by a 
bore-hole, 63 inches in diameter, is obviously very small. 

We have now to consider the beds below the point reached by the boring. 

With reference to the depth of the Upper Greensand. The only place where 
the chalk has been penetrated in the Hampshire Basin is at Chichester. It is there 
790 feet thick. In the Southampton well 850 feet have already been passed through. 
Since the chalk becomes thinner towards the west we might have expected that 
the thickness at Southampton would have been less than at Chichester. At any 
rate this consideration, taken with the fact that the boring is now in chalk with 
seams of clay (doubtless the lower part of the chalk marl), renders it probable that 
the chalk is now nearly penetrated, and that of the 20 to 50 feet estimated by Mr. 
Ranger as still remaining to be pierced, the smaller estimate is the more probable. 
The thickness of the upper greensand in Compton Bay and the Isle of Wight 
generally is 150 feet, and the gault 100 feet. At Devizes and Swindon, Mr. 
Prestwich gives the same thicknesses. Phillips also gives the gault west of 
Devizes at 80 feet. At Petersfield the greensand and malmrock is 80 feet and the 
gault 100. In the Vale of Wardour, Mr. Andrews estimates the upper greensand 
at about 150 ft. and the gault at 75 ft. 

From these data we infer that the thickness of the upper greensand beneatl: 
Southampton may be taken at from 100 to 150 feet, and that of the gault at about 
100. Its area of outcrop extends around Southampton in a roughly elliptical 
form, and distant from it from twenty to thirty and fortymiles, The extents of the 
different areas in square miles as drawn on the Geological Survey Maps are given 
in the following table ; also the average rainfall on the same areas (for which we 
are indebted to numerous local observers). Taking the absorption at one-third of 
the rainfall, the quantity passing underground from each district is as follows :— 


Average Million Absorp- 


Upper Greensand Pepate annual |gallons per|tion at one- 
rainfall day third 
Petersfield District—Cocking | f i ve k 
to East Worldham i ; me ih 36 28°95 9°65 
Three-quarters of Kingsclere Inlier 2-7 30 3°24 1-08 
Three-quarters of Shalbourn Inher 2°3 30 2-76 “92 
Vale of Pewsey, South Side . ; 23°0 33:5 30°94 10°31 
Westbury District—Urchfont ; ; . i 
to Whithaee | 124 348 17°38 5:79 
Vale of Warminster . : : 168 | 36:3 24°48 8:16 
Kilmington and Stourton District . 12°3 36 17-71 59 
Vale of Wardour, North Side. j 4:7 36 6°84 2:28 
Shaftesbury District — Bar- } 3 31-85 10°61 
ford to Stour Valley . at: 4 - 
Total Bi atoubiy Ls36 = 16415 54:7 


1 These particulars are from a valuable paper by Mr. Easton (Report of the 
Brighton Health Congress, 1881). 2 Traced, and weighed to ‘01 of a mile. 
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When this Section met here last, Dr. Buckand advised that the levels at which 
the springs from the greensand find their issue should be ascertained, especially 
near Petersfield. This we have done, and thence have deduced the approximate 
height to which the supply from each area may be expected to rise in the well. 
The results are as follows :— 


Sechiaaee Distance | Height of 
District Ais from South-| Water at 
Sda-lowcl ampton Well 
Upper Greensand 
Treyford a 5 ‘| . : 210 _ — 
Petersfield, Petersfield . 5 : : - 300 18} 150 
Last Worldham . : ; F 390 — — 
Kingsclere . : : : : - ‘ : 340 Zia 137 
Pewsey—Avon, at Wivelsford (estimated) : 340 32 123 
Warminster— Wiley, at Boreham Bridge . ‘ 337 © 37 112 
Wardour, Shaftesbury—Nadder, at Barford . 200 244 87 
: Lower Greensand 
Folkestone Sands—Petersfield . i 3 : 212 21 100 
Hythe Sandstone—Rother, at Sheet Mill. : 175 22 80 


The deep well at Chichester penetrates into the upper greensand, which is 
there about 80 feet thick. The supply of water from it is, and always has been, 
small, at no time exceeding 2,000 gullons per day. It appears, however, that when 
the boring was stopped in 1844, about 370 feet of the bore-rod and the slush- 
pipe at the end of it were left in the bore; and as there were no pipes used in the 
sand it is possible that the lower part of the bore may have been filled in again. 
Under these circumstances the smallness of the supply will hardly enable us to 
infer what it would be in other cases. 

Coming now to the lower greensand, or sands of the Neocomian formation, 
these occur, as a gathering-eround with reference to Southampton, only in the 
Petersfield district. They consist, from the top downwards, of— 

The Folkestone Beds, consisting of sand and carstone, about 100 feet. 

The Sandgate Beds, consisting of sandy clay, sand, and ironstone, about 75 feet. 

The Hythe Beds, consisting of sand, with some sandstone and chert, 200 feet. 
Making an aggregate thickness of about 400 feet. 

Beneath these are the Atherfield and Weald clays. 

In the Vale of Wardour Mr. Andrews informs us that there are a few feet of 
what may be lower greensand strata. 

If this is the case, it follows, as Southampton is 28 miles from this point, and 
21 from Petersfield, that their thickness beneath Southampton may be taken at 
about half of what it is at Petersfield, 7.e. 200 feet. 


6. Tenth Report on the Erratic Blocks of England, Wales, and Ireland.— 
See Reports, p. 243. 


7. Third Report on the British Fossil Polyzoa.—See Reports, p. 249. 


8. On the Formation of Flints. By Professor W. J. Sotuas, 
MAA., F.RS.E., F.G.S8. 


The ultimate source of the silica, of which flints consist, is admitted to be found 
in the felspars of igneous rocks, These, upon decomposition, yield about equal pro- 
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portions of silicic acid and clay. Thus the great clay-deposits of the earth’s crust 
indicate a correspondingly large quantity of silica which has been carried in solu- 
tion into the sea. That sea-water contains but the merest trace of silica, proves 
how effectually it is removed by sponges, radiolaria, and diatoms, in the formation 
of their siliceous skeletons, and there is no other way in which solid silica can be 
deposited in the open sea than through organic agency. Since modern calcareous 
ooze always contains a certain percentage of siliceous skeletons, it has been con- 
cluded that these were also present in the ancient ooze of the chalk; since they 
have disappeared from the chalk as it now exists, while flints have made their ap- 
pearance, it has been suggested that the latter have originated by the transforma- 
tion of the former. This conclusion has been confirmed by the observations of the 
author, who, together with Zittel, has shown that the silica of siliceous organisms 
has by no means the insolubility which has till recently been attributed to it; and 
next by researches of the author on incompletely formed flints, which have shown 
that the first step in their formation is the replacement of a certain quantity of 
chalk by silica, the cocco-liths, foraminiferal and other calcareous shells becoming 
siliceous pseudomorphs, which retain all the markings, even to the very finest, of the 
original tests. A further quantity of silica is next deposited, filling up the chambers 
of the foraminifera and the interstices of the siliceous chalk; in this way a white 
or grey flint is produced. If silica continues to penetrate the nodule and to be de- 
posited in it, the grey flint loses its opacity and whiteness, and becomes converted 
into black translucent flint. A nodule is seldom, however, uniformly black through- 
out, certain portions remain in the previous grey-flint stage, forming light-coloured 
spots and blotches on a dark ground; if the white and black flint form alter- 
nate layers, then we have the phenomenon of ‘banded’ flint. A specimen in 
the Bristol Museum shows the formation of banded flint in an exceptionally clear 
way ; the centre remains in the ‘white’ stage, the exterior is black; between the 
two is a region of agate-like bands of black and white flint, the white bands, 
terminating at their ends as irregular capes or promontories, which project into 
the black flint : while continuing their direction, are little outlying islands of white 
flint, which exactly resemble the spots and blotches of an ordinary black nodule. 
An examination of this specimen renders it clear that the nodule was originally 
grey throughout, silica continuing to enter it from without converted the exterior 
into black flint; but the process having stopped short of completion the centre 
remained unchanged, while between the centre and the exterior the intermediate 
zone remains in an intermediate state as banded flint. Thus the grey, banded, and 
black flints—the distinction between which has long been recognised—are shown 
to be but so many different stages of one and the same process. 


WEDNESDAY, AUGUST 30. 
The following Papers and Report were read :— 


1. Problems in the Geology of the Ohannel Islands. By the Rey. Epwin 
Hit1, M.A., F.G4.8. 


Attention is directed to the scanty information existing with reference to these 
islands and the field of research they offer. McCulloch, Ansted, Liveing, have 
written on them, but much remains unknown. 

The age of the rocks may be archean, but requires fixing, and their relations 
to surrounding areas have still to be made out. 

The stratigraphy of the separate islands has been worked out by Liveing, fully 
for Sark, partially for other islands, but his results require confirmation and 
extension. The mutual relations of Sark and Guernsey are given, but the rest are 
entirely unknown. 


Es > 
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The petrology of the main masses has been partially treated, but more infor- 
mation is needed, and the dykes and veins are undescribed. They are interesting 
and varied. Among them is true mica trap. 

The physical geology has been admirably treated by Ansted. 

The islands offer a field for the investigation of the distinctive characteristics 
of dykes, veins, &c., and the study of archzan rocks. 

The proper investigation requires a resident, 


2. Notes on Alpine Post-Oarboniferous (Dyassic) and Triassic Geology. By 
the Rev. A. Irvine, B.Sc., B.A., F.G.S. 


This paper is intended to call the attention of English geologists to the most 
recent results obtained in Alpine geology by such observers as Giimbel, Von Hauer, 
Mojsisovics, Theobald, Zittel, and Pichler (not to mention others), and so to sup- 
plement the authoyr’s papers recently published in the ‘ Geological Magazine’ on the 
Post-carboniferous and Triassic systems. Some recent observations by the author 
of the paper are also contained herein. , 

Of the Post-carboniferous (Dyassic) system, observation so far has failed to 
detect the presence of any deposits on the north side of the crystalline axis of the 
Alpine chain; the triassic strata rest at once upon metamorphosed rocks of Silurian 
age (Von Hauer). On the south side the principal deposits are comprehended 
under the term Verrucano (grey and red-brown conglomerates and breccias, with 
red sandstones, and occasional thin beds of lignite or coal). Views as to the 
true horizon of these beds are as yet divided; Von Hauer refers them to the 
lowest division of the Trias, at the same time admitting the propriety of Giimbel’s 
view, that they may be the equivalents of the Rothliegende of Germany. The 
latter writer even considers that strata analogous to the Zechstein of Germany may 
be recognised in the Alps. 

The enormous display of volcanze activity recorded in the Rothliegende of 
Germany is found repeated in the Alps in Post-carboniferous times. As an illus- 
tration of this the author gives some observations made within the last few weeks 
on the interstratification of ancient acid lava-flows (so-called porphyries) and 
bedded volcanic ‘ash’ of the Rittner Horn, one of the former centres of activity 
which produced the ‘ porphyries’ of the Bozen district, the most extensive known 
in the world. The mountain isa true ‘stratified cone,’ preserving at its summit 
about a half of its ancient crater-walls. It is a remarkable illustration of the pro- 
priety of classifying the ‘ porphyries’ among the ‘Older Eruptive Rocks,’ as 
maintained some time ago by Credner. 

Transition Beds.—Giimbel considers the dark Bellerophon-limestone of the 
Puster Thal, as well as the Grédner sandstone at Neumarkt, near Bozen, the 
white Schwaz limestone in the Inn Thal, and some other deposits to be properly 
placed here, though others would place them in the Dyas. Their organic remains, 
he remarks, do not give them ‘a pure Dyassic character, but very much more that 
of a transition series from the Dyas to the Trias’ (vide Anleitung zu geologischen 
Beobachtungen in den Alpen). 

Alpine Trias.—Sections of these deposits—one on the north slope, through the 
Steinernes Meer, near Saalfelden (after Mojsisovics)—another on the south across 
the valley of St. Cassian (taken by the author within the last few weeks), are 
described, and their correlation pointed out, in order to illustrate the completeness 
of the Triassic system as developed in the Alps, the clear sequence which has been 
established among its sub-formations, and the soundness therefore of the view 
propounded by Professor Credner, and quoted by the author in another place, that 
the key to the true geological history of Triassic times is to be found in the 
Alpine Trias. 

The importance of the views maintained by so high an authority as Professor 
Giimbel as to the transition character of certain deposits is insisted upon; at the 
same time hasty judgment, while awaiting (for a few years) the results of more 
extended observations, is deprecated. 
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3, Summary of Reports of the Committee on Underground Temperature. By 
Professor J. D. Evernrr, F.R.S.—See Reports, p. 74. 


4. Notes on the Geology and Mining of the United States of Colombia, S. A. 
By Rosert B. Wurte. 


These notes refer specially to the States of Cauca and Antioquia, which 
comprise the country between the Ist and &th degrees of north latitude, and extend 
from 120 to 150 miles eastward from the Pacific coast. The eastern and western 
chains of the Andes, which run from south to north through this region, are distinct 
im their general characters. The eastern chain is almost all volcanic, whilst in the 
western there are no volcanoes north of the 2nd degree, and the rest of the Cordil- 
lera is composed of granites, granitoid rocks, and diorites. The upheaval of the 
eastern chain has raised the strata of the Cretaceous formation to a height: of 
8,000 feet above the sea-level; but on the western slopes of the western range 
these strata are found only a few hundred feet above the sea, and are almost 
undisturbed. 

Eruptions of igneous rocks have taken place in all ages between the two chains 
of mountains, and the rocks of the valley of the river Cauca, which with its tributaries 
occupies the space enclosed by the two Cordilleras, are metamorphosed and crystal- 
lised to an extraordinary degree. 

The formation of an immense number of metalliferous veins seems to be the 
natural result of this development of igneous rocks. 

The sedimentary strata are Laurentian, Silurian, Jurassic, Cretaceous, Tertiary, 
and Post-tertiary. The Cretaceous beds contain good coal, limestone, and iron 
ores. The Post-tertiary alluviums are nearly all auriferous, but although the 
upper beds have been worked, the bed rock or old river channels have not yet been 
sought after. It is probable that they are as rich as those of California. In recent 
alluviums in the valley of the Cauca, remains of Mastodons have been found under 
circumstances which indicate that these animals were coexistent with man. Pla- 
tinum, iridium, molybdenum, copper, lead, and zine are found in workable quan- 
tities. Gold and silver are very abundant, and are the only metals mined for. It 
is not a fact that platinum has ever been found in a lode in Colombia, but the author 
has recently found iridium in appreciable quantity in a gold lode in the State of 
Antioquia. Diamonds are known to exist. Rubies and sapphires of large size are 
to be found in abundance in the State of Cauca, but the natives have not tried to 
turn this wealth to account. 

The gold-mining is very interesting. Besides being found in the alluviums, gold 
exists in lodes of all ages, from the oldest granites up to a post-cretaceous period. 
The formation of gold and silver lodes in most abundance took place after the cre- 
taceous period. In other countries the gold veins are usually confined to a limited 
group of rocks. The Silurian is usually considered to be the principal formation 
for gold, but in Columbia it is quite of secondary importance, although no doubt a 
great part of the alluvial gold was derived from the denudation of the older rocks 
which was effected upon the grandest scaleimaginable. There isa great difference 
in the standard or fineness of the gold, according to its age, and the oldest gold is 
the best. It is found ranging from twelve to twenty-three and a half carats fine. 
According to the age of the lodes different metals are predominant in their associa- 
tion with the gold. In the oldest lodes copper is most common, and in the newest 
jead is the principal companion of the precious metals. When pyrites and galena 
are plentiful in a well-constituted auriferous lode, it is generally found that the gold 
will rather increase than diminish in quantity as the workings deepen. But lodes 
which are not well-mineralised are most often richest on the surface. Common 
arsenical pyrites is not a good companion for gold when it is not accompanied by 
other sulphides. Pyrites is a general companion of gold, but it is not every class 
of pyrites that is so, and lodes of different ages are characterised by different classes 
of pyrites. There are also several varieties. of galena, which are more or less 
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favourable as associates of gold and silver. Gold is not found in combination with 
any metal except tellurium. Instances are found in which it would appear that 
when the pyrites in a gold lode has decomposed, some gold has been dissolved by 
the permeating waters and has again been crystallised in the cavities of the quartz, 
in a form distinct from that in which it existed previously. It isremarkable that a 
pyrites containing manganese is always a good matrix for gold. In some lodes there 
is evidence of the quartz having been formed first, and the metalliferous contents 
afterwards. Such lodes are very irregular in their yield. Carbonate of lime is a 
rare gangue for gold, but where it does occur it is very productive. The great 
variety of the lodes in Colombia enables the miner to acquire so many data for com- 
parison, that he is able to distinguish the trustworthy from the untrustworthy lodes 
with a certainty perhaps unknown in other countries. 


5. Report on the progress of the International Geological Map of Europe. 
See Reports, p. 241. 
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Section D.—BIOLOGY. 


PRESIDENT OF THE SECTION—Professor GaMGEE, M.D., F.R.S. 


DEPARTMENT OF ANATOMY AND PHYSIOLOGY. 


THURSDAY, AUGUST 24, 
The Presipent delivered the following Address :— 


On the Growth of our Knowledge of the Function of Secretion, to which is 
prefixed a Brief Sketch of the Writings of the late Professor Francis 
Maitland Balfour. 


Wuen the Council of the British Association did me the honour of asking me to 
preside over this Section, it occurred to me that a suitable subject for the presidential 
address would be a Survey of the Growth of our Knowledge of the Function of Secre- 
tion ; for no subject, which has recently been the object of minute study by animal 
physiologists, is more likely to interest all devoted to biological pursuits, however 
diverse. I accordingly propose to direct your attention, for the greater part of 
the time at our disposal to-day, to what appear to me to be the most important and 
the most interesting of the researches bearing on this subject. 

Before, however, entering upon the proper subject of this address, it would ill 
become me as president of this Section were I not to speak to you, however imper- 
fectly, of two great losses which we have sustained, and which have saddened, and 
still sadden, the hearts of many of us. The year 1882 will long be memorable, and 
sadly memorable, as a year during which English biology sustained irreparable 
losses. So much has lately been written’ concerning that veteran in science, Charles 
Darwin, who will figure in the history of the human intellect with such men as 
Socrates and Newton, that I feel no words of mine are needed to add to your 
sentiments of admiration and respect. He has made for himself an imperishable re- 
putation as one of the subtlest, most patient, and most truthful observers of natural 
phenomena. His powers as an observer were, however, almost surpassed by his 
ingenuity as a reasoner, and his power to frame the hypotheses most apt, in the actual 
state of science, to reconcile all the facts which came within the range of his 
observation. "We remember the time when the name of Charles Darwin, and the 
mention of the theories connected with his name, awakened, on the part of many, 
sentiments of antagonista and of unreasonable opposition. But we have lived to 
witness, what I may term, a great reparation. Even those who did not know the 
man, and the qualities of mind and heart which endeared him to so many, have 
come to recognise that in his work he was actuated by a single-hearted desire 
to discover the truth; and, after calm reflection, they have conceded that his studies 
and his views, like all studies and all views which are based upon the truth, not 
only are not-irreconcilable with, but add to our conceptions of, the dignity and glory 
of God. And here I may be allowed to remark that it is impossible to study the 
writings of Darwin, and especially the one in which he treats of ‘The Descent of 
Man,’ without recognising an undercurrent of reverent sentiment, which in one or 
two places finds expression in words telling us that man differs from the animal 
creation, if not in physical characteristics which cannot be bridged over, at least 
in moral attributes and in the ‘ ennobling belief in God,’ by his power of forming 
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that conception of the Deity which, to use Darwin’s own words, is ‘the grand idea 
of God hating sin and loving righteousness.’ ! 

We cannot help mourning for our great ones, though they be taken from us 
in the fulness of years, and when their labours have been so numerous and so pro- 
ductive that we marvel that they have been able to achieve so much within the 
span of a single life; but our grief is immeasurably greater when the man of 
genius is taken from us in the plenitude of strength, as it were upon the threshold 
of a life full of extraordinary promise. 

Francis Maitland Balfour, whose sudden death has so recently cast a gloom over 
us all, was a man who appeared destined to advance our knowledge of animal develop- 
ment more than it had been advanced by the labours of any one of his predecessors. 
His death recalls the train of thought which we have pursued when reflecting 
upon the lives and works of such men as Mayow and Bichat, Gerhardt and Clifford. 
If so much could be achieved in so short a life, what great benefits would science 
not have derived, what remarkable steps in advance might not have been made, had 
it been given to these great minds to work on for the good of their race during a 
lifetime of ordinary length. It must be sufficient for us that it was destined other- 
wise ; and, in mourning for our departed friend, we may at least reflect that we would 
not have had him less worthy of our admiration in order that we might mourn 
him the less, 


THE RESEARCHES OF FRANCIS MAITLAND BALFOUR. 


At the risk of having to be somewhat brief in my discussion of the subject 
proper of this address, I must yield to the impulse which leads me to give you some 
account of Balfour’s work.” ; 

Having been educated at Harrow, Balfour entered Trinity College, Cambridge, 
in the year 1870. His friend and master, Michael Foster, has told us how, from 
the very first, besides engaging in systematic studies which he was able to pursue 
with no small degree of success, he devoted himself with passion to original re- 
search. At the very outset Balfour engaged in work which led to speculations of 
a fundamental and far-seeking nature, and of the three embryological papers* which 
he wrote before taking his degree, two related to questions which occupied his 
attention in a special manner to the end. One of these, ‘On the Development and 
Growth of the Layers of the Blastoderm,’ contains several statements not afterwards 
maintained ; for instance, as to the independent origin of the mesoblast in the chick, 
where it is said ‘neither to originate from the epiblast nor from the hypoblast, but 
to be formed coincidentally with the latter, out of apparently similar segmentation 
cells.’ The other, ‘On the Disappearance of the Primitive Groove in the Chick,’ 
calls attention to, and corroborates Dursy’s discovery of seven years before, and 
closes with a suggestion of the great hypothesis (afterwards elaborated) that the 
primitive streak is a lingering remnant of the blastopore. Balfour also wrote, 
whilst an undergraduate, ‘On the Development of the Blood-vessels in the Chick, 
at it may be doubted whether he advanced our knowledge of this obscure 
subject. 

The ‘Elements of Embryology,’ by Michael Foster and Balfour, appeared (1874) 
shortly after Balfour had taken his degree (1873), and Foster has generously 
recorded how great was the part his pupil took in the production of this book. 
The month after taking his degree he made his first journey to Naples, and it was 
whilst working there that he entered upon his remarkable investigation on the 
development of Elasmobranchs. The natural outcome of Gegenbauer’s exposi- 


» The Descent of Man and Selection in Relation to Sex. Second edition (1874), 
page 144. 

* In the preparation of this part of my address I have been very greatly aided 
by Ssh of Balfour’s pupils, my nephew, D’Arcy W. Thompson, Scholar of Trinity 
College. 

® Studies from the Cambridge Physiological Laboratory. Part I., 1873. Quarterly 
Journal of Microscopical Science, vol. xiii. 1873. 
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tion! of the primitive character of this group was that increased interest should 
attach to all researches on its embryology. To an introductory account of the 
embryology of Elasmobranchs? Balfour owed, I believe, his fellowship at Trinity 
College, and from that time onwards until 1878 he pursued the investigation at 
Naples and in Cambridge. The collected results appeared in 1878, as ‘ A Mono- 
graph on the Development of Elasmobranch Fishes.’ No research upon a limited 
group ever contained more numerous or more wide generalisations, extending over 
the whole domain of vertebrate embryology. I may dwell for a few moments upon 
some of its most interesting sections. 

The structures which we are now familiar with as ‘ head-cavities’ are described 
for the first time, and named ; their relation to the cranial nerves and their resem- 
blance or equivalence to the muscle plates of the body are pointed out; and Balfour 
seizes upon their value in throwing light upon the great problems of the segmen- 
tation of the head and the segmental value of the cranial nerves, In particular 
the 5th nerve and the 7th, with the auditory, are specified as the segmental nerves 
of the mandibular and hyoid segments. The short, but very important, notice of 
the sympathetic system showed that its ganglia developed on branches of the 
spinal nerves, and that it was therefore a product of the epiblast.* The primitive 
features of the mesoblast and notocord and their hypoblastic origin are de- 
seribed,* and furnish material for the comparison afterwards instituted in the 
‘Comparative Embryology’ > between their development in Elasmobranchs and 
their still more primitive origin in Amphioxus, as diverticula of the archenteron. 
A very able chapter on excretory organs concludes this monograph. This subject 
had engaged Balfour’s attention very early, and his introductory account of Elas- 
mobrauch Development contains his discovery of segmental organs in Elasmobranchs, 
—a discovery made independently but simultaneously by Professor Semper. These 
organs are shown to develop in the mesoblast, and are compared with the seg- 
mental organs of annelids. 

A paper published in 1876 gives a singularly clear and thorough résumé of our 
knowledge of the development of the urino-genital system; and the diagrams there 
given, illustrating the homologies of the male and female urino-genital organs, are 
wonderfully simple and instructive. Shortly after the publication of this paper, 
Balfour became a Fellow of the Royal Society, from which he received a Royal 
Medal in 1881. 

Among the interesting points that Balfour had made clear in connection with 
the spinal nerves of Elasmobranchs, was the fact that the anterior and posterior 
roots arise alternately, and not in the same vertical plane. He songht for an ex- 
pecan of this in Amphioxus at Naples, in 1876. Owsjannikow and Stieda 

ad discovered that the nerves of the opposite sides in Amphioxus arise alternately, 
and Stieda further stated that the nerves of the same side arise alternately from the 
dorsal and ventral corners of the cord. Stieda considered that two adjacent nerves 
were together equivalent to a single spinal nerve of higher vertebrates. Balfour ® 
found no trace of difference of level in the origin of nerves on the same side, z.e. he 
denied the existence of ventral or anterior roots; and afterwards, in investigating 
the cranial nerves of higher vertebrates, and being unable to find any trace of an- 
terior roots, he framed the bold hypothesis? that the head and trunk had been 
differentiated from each other at a time when mixed motor and sensory posterior 
roots were the only roots present, and that cranial and spinal nerves had been inde- 
pendently evolved from a common ground-plan. 

Balfour's investigation of the development of the ovary was incomplete when 
his work on Elasmobranchs appeared; and he continued to work at this subject, 


1 Gegenbauer, Das Kopfskelett der Selachier, 1872. 

2 Quarterly Journal of Microscopical Science, vol. xiv. 1874. 

3 Hlasmobranch Fishes, p. 172. 

4 Ibid. pp. 49, 85, 92, 104. 

5 Comparative Embryology, vol. ii. pp. 243-246. 

5 Journal of Anatomy and Physiology, vol. x. 1876. 

7 Elasmobranch Fishes, p. 193, Comparative Embryology, vol. ii. p. 380. 
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both in Elasmobranchs and Mammals, publishing a paper upon it in 1878.1 A paper 
published in the same year,’on the ‘ Maturation and Impregnation of the Ovum,’ 
contained the very ingenious suggestion that the casting out of the polar bodies 
prevents the ovum developing by itself into a new individual, ze. prevents parthe- 
nogenesis; and Balfour points out that parthenogenesis is practically confined to 
the arthropoda and rotifera, which are the only two groups in which polar bodies 
are not known to occur. 

Balfour still continued, now in conjunction with Sedgwick, his researches on the 
urino-genital system, and described, among many other new points, the existence 
of a head-kidney (pronephros) in the chick.” 

In this year, Balfour also investigated * the early development of Lacerta, and 

ointed out the presence of a primitive streak and of a neurenteric canal. This 
investigation confirmed his belief in the hypothesis previously quoted that the 
primitive streak is the relic of a blastopore. 

At this time Balfour was working hard at his text-book of ‘Comparative Em- 
bryology.’ His published papers were no less numerous than before, but consisted 
in part of extracts from the more speculative chapters of the forthcoming book. 
He, however, published a paper,‘ containing the results of work scattered over two 
years, on the development of Spiders. He also published a paper® on the skeleton 
of the paired fins, based upon his work on Elasmobranchs. In this he contests the 
views of Gegenbauer and Huxley, that the primitive fin consists of a central multi- 
segmented axis with many lateral rays, and is most nearly retained in Ceratodus; 
he rather considers the primitive form to be a longitudinal bar running along the 
base of the fin (basipterygium), and giving off at right angles series of rays which 
pass into the fin. He adheres to the view expressed in the ‘ Elasmobranch Fishes ” 
(p. 101) that the vertebrate limbs are remnants of two continuous lateral fins. 

Another important paper of the same year dealt with the placenta. Balfour 
supposed that in the primitive Placentalia, simple foetal villi, like those of the pig, 
projected from the discoidal allantoic region of the chorion into uterine crypts. The 
deciduate discoidal placenta of Rodents and Insectivores is the first stage im 
advance of this primitive type. Then along different lines diverge the zonary 
placenta of Carnivora, and the diffuse placenta of Suide, Lemuride, &c.; and the 
latter becomes contracted down to the discoidal placenta of man, a form in no way 
to be confounded with the primitive discoidal placenta of Rodents, 

He engaged also, in conjunction with Mr. Wm. N. Parker, in a very important 
research, to be published in full in the ‘ Philosophical Transactions,’ on the ‘ Struc- 
ture and Development of Lepidosteus.’ This paper contains an immense amount of 
new matter, both anatomical and embryological, and shows that Lepidosteus, though 
a true ganoid, has very marked teleostean affinities. 

Balfour’s last published paper,® which appeared during his recent illness, was 
written with the assistance of Mr. Deighton, and related to the germinal layers of 
the chick. This paper describes, in a very beautiful way, the double origin of the 
mesoblast, partly from an axial strip of epiblast in the line of the primitive streak, 
and partly as two lateral plates differentiated from the hypoblast in front of the 
primitive streak. 

Before his last, fatal journey, Mr. Balfour was engaged in preparing a new 
edition of the ‘ Elements of Embryology,’ and in producing a very elaborate memoir 
on the ‘ Anatomy and Development of Peripatus.’ He had previously investigated 
that animal, in 1879, and had cleared up the matter of its segmental organs (over- 
looked by Moseley), and demonstrated the presence of ganglia on its ventral nerye- 
cords. 


Mr. Balfour became a member of this Association in 1871, the year after he 


Quarterly Journal of Microscopical Science, vol. xviii. 1878. 
Proceedings of the Royal Society, vol. xxvii. 1878. 
Quarterly Journal of Microscopical Science, vol. xix. 1879. 
Quarterly Journal of Microscopical Science, vol. xx. 1880. 
Proceedings of the Zoological Society, 1881. 
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§ Quarterly Journal of Microscopical Science, vol. xxii. 1882. 
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entered Trinity College. At the brilliant Belfast meeting in 1874 he read his first 
paper before the Association on Elasmobranch Fishes; and this paper and Balfour’s 
share in the keen discussion which followed are still remembered with admiration 
by many. In 1880, at Swansea, he delivered an address, as Chairman of the sub- 
section of Anatomy and Physiology, dealing with the mutual services rendered by 
the evolution theory to embryology, and by embryology to the evolution theory, 
with special reference to the developmental history of the neryous system. In 
1881, he was appointed one of the two General Secretaries. 

But the great text-book of comparative embryology! is the real monument 
of Balfour’s fame. It is impossible to convey an idea of the merits of this book. It 
grappled with the enormous mass of scattered literature upon the subject, and 
formed it all into a consecutive account, clear and accurate. Discordant statements 
were weighed and estimated, frequently brought into harmony by an ingenious ex- 
planation or by a new and crucial observation. Countless investigations were repeated 
and verified, and countless suggestions of important work, that still remains to be 
done, make the book as valuable to the savant as to the student. Among the 
chapters ? most remarkable for broad and philosophic generalisations are those deal- 
ing with the ‘ Ancestral Form of the Chordata,’ ‘Larval Forms,’ and the ‘ Origin 
and Homologies of the Germinal Layers.’ Balfour accepts the gastrula as a stage 
in the evolution of the metazoa, and leans somewhat to invagination, as the more 
primitive process than delamination in the production of the gastrula. He shows 
distinctly that the mesoblast arose in the first instance, not independently, but as a 
differentiation from the other two layers, and that the mesoblast is a homologous 
structure throughout the triploblastic metazoa. In the chapter on ‘ Larval Forms’ 
he gives numerous reasons and arguments for a larval development repeating the 
ancestral history, better and more fully than a foetal development ; he reviews the 
types of larvee (discriminating six types), the causes tending to produce secondary 
changes in larvee, and suggests, as a hypothesis for the passage from the radial to 
the bilateral type, that in a pilidium-like larva the oral face elongated unequally, 
an anterior part forming a pre-oral lobe, and a posterior outgrowth the trunk, 
while the aboral surface became the dorsal surface. He suggests that adult 
Echinodermata have retained, and not secondarily acquired, their radial symmetry, 
and considers a radially symmetrical organism, like a medusa, as the prototype of all 
the larval forms above the ccelenterates. Balfour does not admit the specially close 
relationship of the Chordata with the Cheetopods, which Dohrn and Semper main- 
tain; but considers that the Chordata descended from a stock of segmented worms 
derived from the same unsegmented types as the Chetopods, but in which two 
lateral nerve-cords like those of the nemertines coalesced dorsally instead of ventrally. 
He considers that the mouth in ancestral Chordata was suctorial, and was not 
formed, as Dohrn supposes, by the coalescence of two visceral clefts. Finally, 
Balfour draws up a scheme of the phylogeny of the Chordata, according to which 
the hypothetical protochordata, with’ a notochord, a suctorial mouth, and very 
numerous gill-slits, acquired one by one, vertebrie, jaws, an air-bladder, a penta- 
dactyl limb, an amnion: each new accession characterising a hypothetical proto- 
group, from which some existing group is supposed to have diverged. 

Those of my hearers who had not followed Balfour's scientific labours, but who 
merely knew him as one of the most respected workers in the field of biology, 
will I trust, even from my brief sketch, have formed some idea of the activity and 
originality of his mind, and will understand how his death has occasioned a feeling 
almost akin to despair, in that he occupied a place which it appears to us now im- 
possible to fill. ‘How are the mighty fallen, and the weapons of war perished !’ 


1 Comparative Embryology, vol. i. 1880, vol. ii. 1881. 
2? Tbid. vol. ii. chaps. xi. xii. xiii. 
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On tHE GROWTH OF OUR KNOWLEDGE oF THE Process oF SECRETION IN THE 
ANIMAL Kinepom, 


The Views of the Ancients. 


It was known to the ancients that organs of the body exist which are concerned 
in the separation from it of excrementitious substances, although the greatest 
doubts prevailed as to the organs to which such functions should be ascribed. 
Thus we find Hippocrates defining it as characteristic of glands that they occur 
in moist parts of the body; but showing his ignorance of the true relations of 
glands to secretion by connecting them with the formation of hairs, and discussing 
the question which we find our own Wharton debating again in the seventeenth 
century, and which he formulates, ‘Num cerebrum ad glandularum numerum vel 
viscerum accedat.’ The general opinion of the ancients, and the opinion which 
was adopted and taught by Galen, was that the glands were sieves or collanders 
(cola), which served to strain off from the blood purely excrementitious substances. 
The liver and the kidneys were strangely enough removed from the group of glands 
and placed amongst the viscera. The first writer who appears systematically to 
have treated of the glands was the before-mentioned Wharton in his ‘ Adenographia 
sive glandularum totius corporis descriptio.’ Although this author certainly 
added to the existing knowledge of the descriptive anatomy of secreting organs, 
his views on the functions of glands were strangely fanciful and erroneous. 

The glands he considered to be specially related to the neryous system, the 
viscera, so-called, to the blood-vessels ; such glands as the pancreas, and the sali- 
vary and lachrymal glands being engaged in separating excrementitious substances 
from the nervous system. It was in 1665 that the great anatomist Malpighi! 
first attempted to investigate the structure of glands in a truly scientific spirit, 
endeavouring to establish a relationship between simple glandular follicles and such 
complex glands as the liver. All glands he believed to contain as ultimate elements 
bodies which he termed ‘ acin?,’ a word which in its primitive classical sense had been 
used to designate the stone or seed of the grape or the grape itself, The concep- 
tion, indeed, which Malpighi formed of an ‘acinus’ was rather that of a secreting. 
nodule than of an ultimate saccular or tubular recess. The ‘ acini, however, he 
believed to bein communication with the efferent ducts of the glands to which they 
belonged, and through which they poured out their proper secretion, derived in the 
first instance from the blood contained in minute arteries supplied to the gland. 
Ruysch (1696), known as the first celebrated injector of blood-vessels, finding that 
frequently the fluids which he forced into the blood-vessels of glands escaped 
through their ducts, or made their way into the surrounding tissues, concluded 
that the blood-vessels communicated directly with the interior of the glands; these 
he held to be organs which, according to the views that had long prevailed, 
merely strained off from the blood certain of its more liquid constituents. The 
views entertained by the most eminent of the supporters of Ruysch, the illustrious 
Haller, were expressed by him as follows. After defining the term ‘acinus’ to 
signify the ultimate division of a gland, he remarks that ‘the acini consist of 
congeries of vessels, bound firmly together with a cellular web, containing an 
excretory duct in their interior, which commences from the most minute arteries 
by small ducts impervious to the blood. . . . So that secretion differs from the 
ordinary circulation of the blood in this particular, that the smallest arteries are 
continuous with veins of equal or greater size, capable therefore of receiving the 
blood, whilst the excretory ducts are much smaller, in order to effect the separa- 
tion of the secretion.’ The advocates of the Ruyschian theory were compelled to 
have recourse to the most improbable hypotheses to explain the diversity of the 
secretions of different glands, as for example, that different glands secrete different 
liquids, because of the difference in the diameters of the pores by which the blood- 
vessels communicate with the glands; that the different arrangement of blood- 


1 Malpighi, Exercitatio Anatomica de Renibus. 
7 Haller, p. 275. 
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vessels, the mode in which they divice, the resistance which they offer to the flow 
of blood through them, by modifying the pressure and velocity of the blood-flow 
through the organ, induce secretions varying in character. It is strange to learn 
from Haller, as was indubitably the fact, that the great majority of his con- 
temporaries, such men as Peyer and Vieussens, and even Boerhaave, adopted the 
Ruyschian view of the structure of glands, The opposition to Ruysch came first 
from Ferrein,! who maintained that the kidneys essentially consist of an assemblage 
of convoluted tubes, which he looked upon to be the seat of the renal secretion—tubes 
which a subsequent investigator, Schumlansky,’ looked upon as taking their origin 
in the acini of Malpighi, to which he referred the active part in secretion. Then 
followed the researches of Mascagni and Cruickshank, who found, by injecting 
quicksilver into the mammary glands, that the ramification of the ducts of this 
organ terminate in racemose follicles; though Mascagni still admitted a connection, 
by means of open pores, between the sides of the glandular blood-vyessels and the 
interior of the glands themselves. It was unquestionably Professor EH. H. Weber, 
of Leipzig, who completely demolished the Ruyschian hypothesis, and who by 
numerous researches on the salivary glands of birds and of mammals, and on the 
pancreas of birds, established the general fact of the termination of gland-ducts in blind 
extremities, though with modesty he put forward his opinions as confirming the 
inductions of Malpighi, expressing himself as follows: ‘ Admirably did Malpighi 
avail himself of the structure of the liver in the lower animals, and the embryo 
of the higher, as a foundation-stone for his opinions; for the arrangement of the 
whole glandular system speaks for itself, inasmuch as it simply consists of single, 
compact, hollow, blind canals, more or less numerous, floating in the fluid which 
surrounds their organs; and, although these ramifications are drawn out between 
the branches of the blood-vessels, there is no immediate passage from one to the 


other.’ 
Tor RESEARCHES OF JOHANNES MULLER. 


Such was the state of knowledge in reference to the structure of secreting 
glands and secretion at the time when the great Johannes Muller undertook the 
investigation of which the results were first of all published in the memorable work 
entitled ‘De Glandularum secernentium Structura penitiori earumque prima For- 
matione.’® It is impossible not to sympathise with the reflection of Professor 
Heidenhain, recently made in reviewing the researches of Johannes Miiller in con- 
nection with this subject ;* to wit, that the physiologists of to-day may be accused 
of ingratitude for having allowed the great name of Johannes Miller to have 
well-nich disappeared from the pages of physiological literature. We forget that 
this man—this giant in the field of biology as he is appropriately termed by 
Heidenhain, the last man of whom perhaps it will ever be said that he was at once 
the greatest comparative anatomist of his time, and the most philosophical and 
original of all contemporary physiological writers—by his own researches, and 
particularly by the one which concerns us to-day, influenced the progress of phy- 
siology, at a most critical period, more than any other man. He was not, like his 
contemporaries Magendie and Flourens, a great physiological experimenter, though 
he showed that he well appreciated the value of experiment in advancing our 
science; but he was pre-eminently a physiologist who recognised the immense 
importance of a close study of structure, not only because of the interest which 
it presents to the pure and philosophical morphologist, but because of its absolute 
necessity, if we are to penetrate at all deeply into the secrets of animal function, 
Miiller, in the first instance, had convinced himself, by the study of the circulation 
of organs sufficiently transparent to permit of it, especially the circulation through 


1 Ferrein, ‘ Sur la structure des Glandes,’ &c. Mémoires deV Acad. Roy. des Sciences 


de Paris, 1749. 

2 Schumlansky, Dissertatio Inaugur. Anatomica de Renum structwra, Argentoreti, 
1880. 

3 Lips. 1830. 

4 Heidenhain in Hermann’s Handbuch der Physiologie, vol. v. (1880) p. 6. 
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the liver of larval salamanders, that, in glands, arteries never end in any other 
mode than by capillaries leading into veins. He set himself then to study in 
the case of most glands, and in a large variety of animals, the relationship of 
gland-ducts to the truly secreting parts of the organ, and the relation of the blood- 
vessels to these. Basing himself upon these anatomical studies of adult organs, 
and upon a careful study of the development of glands—a study which had 
been attempted slightly by Malpighi, and more satisfactorily in the case of the 
parotid by E. H. Weber '—Miiller came to the conclusion that all glands possessed 
of a duct are only involutions more or less complex of membranes, the largest 
number being inyolutions of the external investment of the body or of the mem- 
branes opening upon its surface. The following are the general results relative to 
the structure of glands which Miiller deduced from the anatomical study of indi- 
vidual organs :— ? 

1. However various the forms of their elementary parts, all secreting glands 
without exception (not only those of the human body, but all met with in the 
animal kingdom) follow the same law of conformation, and constitute an un- 
interrupted series from the simplest follicle to the most complex gland. 

2. No line of demarcation can be drawn between the secreting organs of inver- 
tebrata and those of vertebrate animals; not merely do we meet with the simplest 
sacs and tubular secreting organs, like those of insects, in the higher animals, but 
there is a gradual transition from these simple secreting organs to the glands of the 
most perfect vertebrata. 

3. All glands agree in affording by their interior a large surface for secretion. 
The varieties of internal surface by which the great end—extent of surface in a 
small space—is attained, are very numerous. 

4. Acini, in the hypothetical sense in which the term has been used by 
writers—in the sense, viz., of secreting granules-—do not really exist; there are no 
glomeruli of blood-vessels with ducts arising from them in a mysterious way, as 
has been supposed, whatever notions may have been held regarding them. 

5. The parts described as acini are merely masses formed by the agglomeration 
of the extremities of the secreting canals; frequently, indeed, they are formed of 
minute vesicles aggregated together in grape-like bunches, which may be injected 
with mercury, and are often susceptible of inflation. 

6. In many glands which have been incorrectly described to have acini or 
secreting granules, there are not even the hollow vesicular acini; the secreting 
tubes, instead of terminating in vesicles or cells, form long convoluted canals or 
straight tubuli or short ceca. 

7. It has been demonstrated in the case of all clands that the blood-vessels are 
not continuous with the secreting tubes—that the minute vessels bear the same 
relation to the coats of the hollow secreting canals, and their closed extremities, 
as to any other delicate secreting membrane, such as, for example, the mucous 
membrane of pulmonary air-cells. 

8. The arborescent-ramifications of the blood-vessels accompany the ducts in 
their development, and the reticulated capillaries in which the blood-vessels 
terminate are extended over all the closed elementary parts of the gland and 
supply them with blood. In the chick we may observe the simultaneous de- 
velopment of the two systems; in proportion as the development of internal 
surface from a plain membrane to cecum and ramified ceca proceeds, the vas- 
cular layer of the originally simple membrane is raised on the exterior of the 
efflorescence. 

9. The ramified canals and tubes, which when the structure is simple, as in 
insects and crustacea, and even in some glands of the mammalia, lie free and 
unconnected, become more aggregated together, and acquire a common covering, 


1 E. H. Weber, Beobachtungen iiher die Structur einiger conglomerirten und 
einfachen Driisen und ihre erste Entwickelung. Meckel’s Archiv for 1827, p. 274. 

? This abstract of Miiller’s general conelusions has been abbreviated from the 
sections treating on this subject in his Llements of Physiology. See Translation by 
Dr. Baly, London, 1838, vol. i, p. 456 e¢ seq. 
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in proportion as their evolution is carried further; and thus is produced a paren- 
chyma or solid organ. 

10. The capillary blood-vessels are for the most part much more minute than 
the smallest branches of the ducts of secreting canals and their cecal extremities, 
even in the most complex glandular organs. The elementary parts of glands, though 
minute, are of such a size that the capillary blood-vessels form around them a net- 
work which invests them. 

11. The formation of the glands in the embryo displays the same progressive 
evolution from the simple to the complex state as is observed in ascending the 
animal scale. The most perfect and complex glands of the higher animals, when 
they first appear in the embryo of these animals, consist merely of the free efferent 
ducts without any branches, and in that state exactly resemble the secreting 
organs of the lower animals. The glands are formed from the unbranched tubes 
by a kind of efflorescence or ramification. 

12. The mode in which the extent of internal secreting surface of a gland is 

_realised is very various; and no one kind of conformation is peculiar to any kind 
of gland. Perfectly different glands may have a similar elementary structure, as 
is the case, for instance, with the testes and the cortical substance of the kidneys. 
And similar glands have often a perfectly different structure in different animals ; 
of which the Jachrymal glands, examined in the chelonia, birds, and mammalia, 
afford an example. 

Johannes Miiller recognised thoroughly, as we have seen, that the character of 
a secretion cannot be deduced from the structure of the organ which produces it. 
Was he able to throw any light upon the mystery which had baffled all his pre- 
decessors and to explain the cause of the specific endowments of the different 
glandular organs? Let us allow Miiller to speak :— 

‘The peculiarity of secretions does not depend on the internal conformation of 
the glands; for, as I have sufficiently demonstrated, each*secretion is in different 
animals the product of the most various glandular structures, and very different 
fluids are secreted by glands of similar organisation. The nature of the secretion 
depends therefore solely on the peculiar vital properties of the organic substance 
which forms the secreting canals, and which may remain the same, however 
different the conformation of the secreting cavities may be; while it may vary 
extremely although the form of the canal or ducts remains the same.’ It was the 
liying lining substance of the gland which, according to Johannes Miiller, formed 
the secretion, at the expense of materials which it obtained from the blood of con- 
tiguous capillaries. This living substance lining the inner recesses of the glands 
had not yet been differentiated into its constituent units, the secreting cells, and 

- therefore Miiller’s statement wanted a certain definiteness, though, so far as he 
went, he was perfectly accurate. 


THE RESEARCHES OF JOHN GoopsIR. 


The success with which that eminent pupil of Johannes Miiller, Theodore 
Schwann, had extended the generalisations of Schleiden (on the part taken by the 
cell in the formation of vegetable structures) to the elucidation of the animal tissues, 
had given the greatest impulse to the study of animal histology, and a large number 
of observers, especially in Germany and England, were directing their attention to 
the discovery and study, in all tissues and organs, of the all-important cells. 

Purkinje had announced the hypothesis that the nucleated epithelium which he 
discovered to line the gland-ducts might exercise secreting functions. Henle had 
described with great minuteness the epithelium cells which line the ducts of the 
principal glands and follicles, and which form the most superficial structures of 
mucous membrane, and Schwann had suggested that this epithelium probably 
played a part in the act of secretion. It was, however, unquestionably the Scottish 
anatomist, John Goodsir, to whom was reserved the merit of establishing in an 
indisputable manner the fact that the essential and ultimate secreting structures 


in glands are the morphological units, the gland-cells, As Johannes Miiller had 


examined the arrangements and coarser structure of glands throughout the animal 
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kingdom, with the result of discovering the general plan of gland-structure, and 
the analogies existing between glands, however diverse, so John Goodsir passed 
under review the histological characters of the cells of different glands in a large 
variety of animals, vertebrate and invertebrate. His first results were published in 
the ‘Transactions of the Royal Society of Edinburgh’ for the year 1842; his more 
matured views were developed in a paper entitled ‘On Secreting Structures,’ which 
formed one of a collection of papers which saw the light in 1845. As a result of 
his survey Goodsir came to conclusions of which the most important may be stated, 
almost in his own words, as follows :— 

‘The ultimate secreting structure is the primitive cell endowed with a peculiar 
organic agency, according to the secretion it is destined to produce. I shall hence- 
forward name it the primary secreting cell. 

‘Each primary secreting cell is endowed with its own peculiar property, accord- 
ing to the organ in which it is situated. In the liver it secretes bile, in the mamma 
milk, &e, 

‘The primary secreting cells of some glands have merely to separate, from the 
nutritive medium, a greater or less number of matters already existing in it. Other 
primary secreting cells are endowed with the more exalted property of elaborating, 
from the nutritive medium, matters which do not exist in it. 

‘The discovery of the secreting agency of the primitive cell does not remove 
the principal mystery in which the function has always been involved. One cell 
secretes bile, another milk; yet the one cell does not differ more in structure from 
the other, than the lining membrane of the duct of one gland from the lining mem- 
brane of the duct of another. The general fact, however, that the primitive cell 
is the ultimate secreting structure, is of great value in physiological science, in- 
asmuch as it connects secretion with growth, as phenomena regulated by the same 
laws.’ 

Goodsir was unquestionably wrong in certain of his speculations concerning 
secreting cells; as, for instance, in attributing at one time the chief part in the 
process of secretion to the cell-wall, and at a later period ascribing the same function 
to the cell-nucleus. He certainly had not grasped the modern idea, which, as I shall 
afterwards more particularly point out, considers the act of secretion as one of 
the results of the activity of the living protoplasm of the cell, His assumption, 
too, that the secreting cell invariably contains, preformed, the characteristic matters 
of the secretion, is one which is by no means generally true. Nevertheless, it is 
impossible to study Goodsir’s researches on the secreting cell, without ascribing to 
him the merit of having been the one who made the most important generalisation, 
connecting cell life with a definite organic function. 

I may be permitted, as it were parenthetically, to refer for a moment to John 
Goodsir, with the veneration which is natural in one who was his pupil. If it be 
true that the rapid march of scientific discovery has caused us well-nigh to forget 
the great debts which we owe to Johannes Miiller, it is no less true that John 
Goodsir’s name has passed into premature and undeserved oblivion. Goodsir’s was 
a mind which in some respects, especially in its tastes, resembled that of Miiller. 
He was a devoted anatomist, and studied morphology in the first instance for its own 
sake, but also because of the light whichit sheds on organic function. He had apower- 
ful intellect, an insatiable thirst for knowledge, a sympathy with all branches of in- 
quiry which could throw light upon the science to which he devoted his life, and a 
devout and reverential spirit, which was not the less strong because it only rarely 
found audible, though then it was emphatic, utterance. In the earlier part of his 
scientific career, numerous papers, for the most part short, but characterised by re- 
markable originality of observation and freshness of thought, seemed to promise 
that Goodsir would be one of the most productive of the workers of his time. A 
lingering illness which, without altogether disabling him, enfeebled his physical 
powers, and cast a gloom upon a life which had promised so much, almost put an 
end to his career, in so far as the scientific world at large was concerned, and hence- 
forward he devoted his remaining energies to studies of which the results were for 
_ the most part not published, but especially to the task of teaching. Goodsir was 
a master who, if judged of by the low standard of fitness to instruct the great 
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majority of his pupils in such a manner as to enable them successfully to pass 
examinations, would occupy no exalted position. He possessed, however, the far rarer 
power of instilling into the minds of the best of his pupils that love of original 
inquiry, and that deep regard for truth, which are the chief incentives to all 
scientific research of any real value. 


Tur INVESTIGATIONS AND TuroriEs or BowMANn. 


At the time when Goodsir was engaged in his investigations and speculations 
relating to cells, Mr, Bowman was making researches which were to give him a 
lasting place among the great histologists of the century. 

His investigation on the structure of the kidney,’ which was published in the 
‘Philosophical Transactions’ for the year 1842, surpassed in completeness as an 
anatomical study, no less than by the deep insight into the nature of the function 
discharged by the organ, any investigation of like kind which had preceded it. It 
not only led to a more complete knowledge of the structure of the kidney than was 
possessed of that of any other gland, but to far-seeing generalisations concerning the 
structure of mucous membranes, and of secreting organs generally, which found 
expression in a masterly article on mucous membranes, published in the year 1847, 
in the ‘ Cyclopedia of Anatomy and Physiology.’ 

Time will not permit of my giving a complete analysis of the (to use a German 
expression) epoch-making research upon the kidney ; but let me remind you that it 
led to a complete understanding of the relations cf the Malpighian bodies to the 
urinary tubules; to a description which, so far as it went, was perfectly accurate of 
the tubules themselves, though the scheme upon which these tubes are arranged 
has, since Bowman’s time—thanks to the labour of Henle, Ludwie, and Schweigger- 
Seidel—heen proved to be more complicated than he had imagined; and to a know- 
ledge of the distribution of blood-vessels, not only in the kidney of man and other 
mammatia, but also in that of certain reptiles, 

His study of the structure of the tubuli uriniferi had Jed Mr. Bowman to 
discover that in these, a layer of epithelial cells lies upon a structureless membrane, 
to which he gave the name of the basement membrane,” and which intervenes 
between the epithelium and the blood capillaries, whence the materials of secretion 
are primarily derived. His examination of the mucous membranes of the body 
led Bowman to the conclusion that the relationship so easily observed in the case 
of the kidney between cells, basement membrane, and blood-vessels is one which 
holds true, not only in the case of that organ, but in that of many cther epithe- 
liated structures. ( 

‘In the mucous tissue,’ said Mr. Bowman,’ ‘there are two structures whiel 
require to be separately described, viz. the basement membrane and the epithelium. 
The basement membrane is a simple homogeneous expansion, transparent, colourless, 
and of extreme tenuity, situated on its parenchymal surface and giving it shape 
and strength. This serves as a foundation on which the epithelium rests. The 
epithelium is a pavement composed of nucleated particles adhering together, and 
of various size, form, and number. The following general observations on these ele- 
mentary parts will receive illustration as we advance. Neither the one nor the other 
is peculiar to the mucous tissue in the sense either of being invariably present in it, 
or of not being found elsewhere. There are certain situations of the mucous system 
where no basement membrane can be detected, and others from which the epithe- 
lium is absent. Both, however, are never absent together. Again, a structure 
apparently identical with the basement membrane is met with in numerous textures 
besides the mucous, and all internal cavities, whether serous, synovial, or vascular, 


1 W. Bowman, ‘ On the Structure and Use of the Malpighian Bodies of the Kidney, © 


with Observations on the Circulation through that Gland,’ Philosophical Transactions 
for the year 1812, Part I. p. 57. 

2 Op. cit. p. 58. 

8 Article ‘Mucous Membrane,’ in Todd's Cyclopedia, p. 436. 
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or of anomalous kind (as those of the thymus and thyroid body), are lined with 
an epithelium.’ 

As a result of his anatomical studies on the kidney, Mr. Bowman was led to 
frame a theory of renal secretion, which, though opposed for a time by a master 
mind, has, by the progress of research, received complete confirmation, and which 
was based in no small degree upon the new views of the function of epithelial 
cells in glands. The Malpighian body, Bowman showed, is the dilated commence- 
ment of a convoluted tubule, and, like it, presents a delicate, structureless, base- 
ment membrane. Into the Malpighian body projects a tuft of capillary vessels, 
continuous, on the one hand, with an afferent vessel derived from a branch of the 
renal artery, on the other, with an efferent vessel of smaller size than the afferent ; 
both afferent and efferent vessels piercing the capsule of the Malpighian body ; after 
leaying the glomerulus, the etferent vessel breaks up into a series of capillaries, which 
are distributed to the walls of the convoluted tubes. The tuft of blood-vessels pro- 
jecting into the Malpighian body, Bowman described as being perfectly bare, that is 
to say, not covered by a basement membrane, or by a layer of epithelium cells. 
This part of his description has not been confirmed by recent work, the more 
delicate methods of modern histology allowing of a ready demonstration of a 
layer of cells of extreme tenuity covering the glomerulus. 

The basement membrane of the convoluted tube was described as lined by a 
nucleated epithelium of a finely granular opaque aspect; the neck of the tube, 
where it joins the Malpighian capsule, and the contiguous portions of the capsule 
were described as covered by a layer of cells, differing altogether from the first, 
being much more transparent, and possessing in certain animals vibratile cilia. In 
some cases the whole interior of the capsule was lined by epithelium cells of great 
delicacy and tenuity ; in others, these cells could not be traced over more than a 
third of the capsule. Basing himself upon the altogether exceptional arrangement 
of the blood-vessels of the glomerulus, Bowman advanced the theory that this is a 
structure destined to separate from the blood its watery portion. The epithelium 
of the convoluted tubes, on the other hand, which Bowman pointed out to be 
‘eminently allied to the best marked examples of glandular epithelium,’ he believed 
to be concerned in the separation of the characteristic solid matters of the renal 
secretion. 

I shall for the present conclude my remarks upon Mr. Bowman's investigations 
and theoretical views by stating that, by his investigations of the blood-supply 
to the kidney of the boa constrictor, he gave the strongest proof which could be 
derived from anatomical evidence of the correctness of his views, and furnished 
great part of the knowledge required for the subsequent researches which Nussbaum 
made on the secretion of the newt’s kidney, and which afforded the most con- 
clusive experimental evidence in favour of the theory which Bowman had 
advanced, 


Tue Discovertrs or Cart Lupwia. 


If to Johannes Miiller we must ascribe the greatest share of merit as a discoverer 
of the general affinities, relationships, and functions of glands, it appears unques- 
tionable that to Carl Ludwig belongs the credit of having, above all others, brought 
the light of experimental physiology to bear upon the subject of secretion. 

Ludwig is one of the most eminent of the physiologists who have endeavoured, 
so far as possible, to apply the conceptions derived from a study of physical and 
chemical processes in general, to the elucidation of the functions of the organism. 
More than anyone else has he successfully adapted the methods of research of the 
chemist and of the physicist to the investigation of the problems which lay before 
him. Above all others he is to be spoken of as the great teacher amongst all of 
the great teachers of physiolozy which this century has produced. If we try to 
- find one who, from the fertility of his mind and the influence which he had upon 
_ men of ability, affected the progress of his science in like measure to Ludwig, 

“we revert to the name of Liebig. When I say that physiology owes as much to 
Ludwig as chemistry to Liebig, I shall, I feel sure, ke doing but scant justice to 
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the great man, who at Marburg, at Vienna, and at Leipzig, has won for himself 
the right to be called at once the greatest physiologist, and the greatest teacher of 
physiology, of his time. 


1. Ludwig's Discovery of Secreting Nerves. 


It was in the year 1851 that Ludwig first announced to the scientific world ? 
the fact that the secretion of the salivary glands is under the influence of the 
nervous system. C.G. Mitscherlich, as Ludwig points out, had surmised that the 
secretion of saliva only occurs as the result of a stimulation of certain nerves, @.e. 
the nerves of taste and the nerves supplying the muscles of mastication. No 
attempt had, however, been made, before Ludwig's, to ascertain experimentally 
whether the stimulation of nerves supplying glands influenced directly their secre- 
tion. As a subject of study Ludwig chose the submaxillary gland. He found 
that on stimulating by a succession of induction shocks the nerve-twigs proceeding 
from the lingual branch of the fifth nerve, and which accompany Wharton’s duct 
to the gland, secretion of saliva occurred, so long as the excitability of the nerves 
persisted. 

In experiments performed in conjunction with his pupil Rahn, Ludwig found 
that secretion occurs on direct stimulation of the glandular nerves, even when the 
circulation has been arrested for a time, as, for instance, when the contractions of 
the heart are inhibited for some time. 


2. Ludwig's Discovery that Secretion ts not a Process directly dependent upon the 
Arterial Pressure. 


In the paper which I have already quoted, Ludwig published the results of the 
following experiments. A mercurial gauge was placed in communication with the 
duct of the submaxillary gland, the height of the mercury in the gauge being re- 
corded (by means of a float to which was attached a writing point) upon the 
travelling surface of the kymographion, the instrument which Ludwig had con- 
trived for permanently recording the amount and variations of the blood-pressure in 
arteries and veins. At the same time, another gauge placed in communication with 
the carotid artery, or one of its branches in close proximity to the gland, recorded 
the height of the blood-pressure on the same travelling surface. On stimulating 
the secretory nerves, Ludwig found that saliva was poured out long after the 
pressure exerted by it upon the interior of the gland (as measured by the height to 
which the mercury was raised in the gland-duct manometer) exceeded the pressure 
of blood in the arteries. Thus in his first recorded experiment the mean pressure 
of blood in the carotid artery amounted to 108°5 millimetres of mercury, whilst 
during a stimulation of the nerve-filaments going to the gland, the pressure in the 
gland-duct manometer rose to between 190:7 and 196°5 millimetres, 2.e. indicated 
that the pressure exerted by the fluid, secreted under the influence of nerve-stimu- 
lation, exceeded the arterial pressure by an amount corresponding to a column of 
mercury about 3} inches high. It is obvious that the experiment at once and con- 
clusively proved that the secretion of a watery liquid like the saliva may be brought 
about by a process altogether different from a process of filtration ; for in filtration 
the passage of liquid through the minute pores of the filter necessarily depends 
upon a difference in pressure on the two sides of the filter, the movement of liquid 
being from the side of greater to that of less pressure. 

In this brief sketch I have only time to refer to the most salient of the early 
discoveries of Ludwig on secretion, and must pass over without comment the first 
experiments by which he showed the influence exerted by variations in the strength 


of the stimulus of a secretory nerve upon the amount and chemical composition of 
the secreted liquid. 


1 Ludwig, ‘ Neue Versuche tiber die Beihilfe der Nerven zur Speichelabsonderung,’ 
Henle & Pfeifer’s Zeitschrift, New Ser., vol. i. (1851), p. 255. 
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8. Ludwig's Discovery that during Secretion Heat is evolved in Glands. 


Pursuing his researches on the salivary glands, Ludwig some years later,’ in 
conjunction with his pupil Spiess, discovered that, when a gland is thrown into 
action by stimulation of its nerves, heat is evolved. In the case of the submaxillary 
gland, for instance, he found that the saliva which was secreted might have a tem- 
perature nearly three degrees Fahr. (1°5° C.) above that-of the blood going to the 
gland. Important as was this result, because of the light which it threw upon the 
source of animal heat, its value as bearing upon the nature of the process of secre- 
tion was even greater. From the fact that the saliva is a liquid containing but 
three or four or five parts of solid matters to one thousand of water, it would scarcely 
haye been surmised, upon a merely physical hypothesis, that its production would 
have been attended by any considerable evolution of heat. The evolution of heat is 
indeed one of the strongest proofs we have that the act of secretion is the result 
of the living activity of those ultimate units of the glands, the gland-cells; but to 
this I shall revert hereafter. 


Tue ReseaRcHEs oF ScHirr, EcKHARDT, AND CLAUDE BERNARD, ON 
THE SECRETORY NERVES OF THE SALIVARY GLANDS. 


The study of the innervation of the salivary glands which had been commenced 
by Ludwig and Rahn was continued with great success by other observers, and 
particularly by Claude Bernard and Eckhardt. The first of these observers proved 
the correctness of Schiff's supposition that the abundant secretion which followed 
the stimulation of fibres of the fifth cranial nerve was in reality due to the presence 
of fibres of the chorda tympani mixed with them, It was Eckhardt, however, and 
afterwards Claude Bernard, who established the remarkable fact that, in the case of 
the submaxillary gland, and, as has since been shown, of some other glands also, the 
gland is under the direct control of two orders of nerve-tibres. The first are con- 
tained in branches of cranial nerves, and in the case of the submaxillary gland are 
derived from the facial nerve, and, when stimulated, lead to an abundant secretion 
of watery saliva, relatively rich in saline and poor in organic constituents; the 
second are contained in the so-called sympathetic nerve-trunks distributed to the 
gland; and these, when stimulated, occasion an exceedingly scanty flow of very 
concentrated and highly viscid saliva, containing a relatively large quantity of 
organic constituents, particularly of mucin. 

Claude Bernard now pointed out that stimulation of the above-mentioned 
nerves leads to changes in the circulation of blood through the gland, in addition to 
the changes in the amount and quality of the fluid secreted by it. 

Thus stimulation of the cerebral fibres supplying the chorda tympani was 
found to produce a great dilatation of the arteries of the gland; so that the amount 
of blood passing through it was very largely increased, that passing out through 
the venous trunks of the gland presenting a florid arterial colour instead of the 
brown venous hue observed when the gland was not secreting. Stimulation of the 
sympathetic fibres, on the other hand, caused a great contraction of the glandular 
arteries, consequently a diminution of the flow of blood through the gland and into 
the veins, the blood presenting under these circumstances an intensely venous hue, 

The facts just referred to appeared reconcilable at first with the view that the 


‘secretion of saliva, as a result of nerve-stimulation, was primarily dependent upon 


changes in the circulation of blood through the gland; though, upon reflection, the 
surmise was negatived by some of the facts discovered long before by Ludwig, and 


particularly by that, already referred to, of glandular secretion following stimulation 
-of glandular nerves, even where the circulation has been stopped, as by cardiac 
inhibition. 


Bernard’s experiments had unquestionably established that in addition to 
nerves which, when stimulated, occasioned the contraction of arteries—‘ the vaso- 
motor’ or, as we now sometimes call them, the ‘ vaso-constrictor’ nerves—there 


1 Ludwig u. Spiess, Sitzungsber. d. Wiener Ahad. Mathem. u. Naturwissenschaft : 
Class, vol. xxv. (1857), p. 548. 
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are others which when stimulated occasion, on the contrary, the dilatation of 
arteries—the so-called ‘ yaso-inhibitory ’ or ‘ vaso-dilator’ nerves. That it was not 
stimulation of the vaso-dilator nerves, which, by increasing the amount and the 
pressure of the blood flowing through the capillaries, occasioned the secretion of 
saliva, was shown by several experiments, but especially by an observation of 
Keuchel. This observer found that the alkaloid of the deadly nightshade, viz. 
atropia, when introduced into the system, exerts such an action, that on stimulating 
the chorda tympani no secretion of saliva follows; whilst, on the other hand, 
dilatation of the arteries is produced exactly as under normal circumstances. 
Other drugs have since been discovered which exert a similar action to that of 
atropia in paralysing secretory nerves, whilst some are now known which antago- 
nise the action of atropia, and restore the suspended activity of the secretory 
nerves. From these studies has unquestionably resulted a knowledge of the con- 
clusion, that although the process of secretion is favourably influenced by the 
vascular dilatation which follows the state of activity of the vaso-dilator nerves, the 
actual process of secretion is not due to them, but, so far as it is controlled by the 
nervous system, is directly under the influence of certain nerves which may he 
termed secretory. 


DiscovERTES WHICH SHOW THAT SECRETION, THOUGH INFLUENCED BY, IS NOT 
NECESSARILY DEPENDENT UPON, STIMULATION OF NERVES GOING TO A GLAND. 


A _Iknowledge of the facts which I haye brought before you hitherto would of 
itself lead you to suppose that glandular secretion is a process which is in abeyance 
except under the influence of stimulation of nerves which throw the gland into 
activity, in the same manner as the quiescent muscle passes into activity normally, 


only when its motor nerves are stimulated. But this supposition, though it may be~ 


in some measure true in the case of certain glands, is not borne out by a study of 
secreting glands in general—a study which teaches us that whilst the activity of 
the gland-cells may be, and often is, remarkably under the control of the neryous 
system, it is by no means necessarily dependent upon it. The activity of the 
gland depends upon the activity of its individual units, the gland-cells; and these 
units may discharge their function so long as they continue to live and are supplied 
with the nutriment—mineral, organic, and gaseous—which they require. 

Leaving aside, at least for the present, any reference to the arguments which 
may be derived, by analogy, from a study of cell life in general, I would call your 
attention to the physiological facts which prove the truth of the proposition just 
enunciated. The first of these facts was discovered by Claude Bernard: to wit, that 
when all the nerves supplying the salivary glands are divided, there is at first a 
temporary cessation of secretion, soon followed, however, by an abundant flow of 
very watery, so-called paralytic saliva. 

This result is fully confirmed by similar observations made in the case of other 
secreting organs, and which establish very fully the greater or less independence 
of the secreting elements from the control of the nervous system; though unques- 
tionably, in a normal state of the organism of higher animals, the nervous system is 
continually intervening, both directly by its influence on gland-cells, and indirectly 
by the changes which it produces in the circulation, so as to control the operations 
of gland-cells, and especially to bring them into relation with, and subordinate them 
to, the work of complex processes of the organism. 

What the exact relations of nerve-fibres to gland-cells may be is yet a matter 
involved in great doubt. The discovery made by Pfliiger of the terminations of 
nerve-fibres in the secreting cells of the salivary glands has not been confirmed by 
any observers in any vertebrate. Kupffer has, however, unquestionably done so in 
the case of Bilatta orientalis, and although as yet objective proof is wanting, we 
cannot entertain any reasonable doubts that a connection between the ultimate 
fibrille of nerves and secreting cells actually exists. We feel confident that 
physical, as it were accidental, difficulties have alone hindered the precise deter- 
mination of the fact. 


* 
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Tan IvwepraTe Source or THE NUTRIMENT CONSUMED BY THE 
GLAND-CELL. 


In the original scheme of a secreting gland, developed first of all by Bowman, 
then adopted by Goodsir, Carpenter,! and many other writers, the essential struc- 
tural elements taken into account were the following :—1. Epithelial cells lining 
the secreting cavity of the gland; 2. Sub-epithelial tissue, usually presenting 
superficially the form of a basement membrane, upon which the cells were placed ; 
and 3. A capillary network in closer relation to the basement membrane, or 
more superficial part of the sub-epithelial tissue. In harmony with this scheme, 
the glandular elements were always spoken of as drawing their supply from the 
blood in the capillaries. The one element which was wanting in that scheme, and 
which we are able to fit into it, thanks again to the labours of the great physiologist 
of Leipzig, is the relation of so-called lymph-spaces to the other elements. As was 
first shown by the researches of Ludwig and his school, amongst the modes of 
origin of the peripheral lymphatics, the most numerous are to be found in connective 
tissue, and nowhere more abundantly than in the connective tissue of glands, which 
is everywhere interpenetrated by irregular spaces containing lymph, from whence 
spring the minutest lymphatics. If we consider, then, the immediate environment 
of the secreting cell, we find that in close proximity to it is the lymph, which is a 
transudation from the blood, and upon which the gland-cells are directly dependent 
for all the matters which they require. For a certain time, then, the gland-cell 
will be independent of the supply of blood, that is, so long as the lymph surround- 
ing it contains a sufficient quantity of essential matters, of which oxygen is one of 
the chief,to support itslife, or until it becomes so charged with waste products derived 
from cell life, e.g. CO,, as to interfere with the functions of the latter. It certainly 
appears that, at least in the majority of cases, it is the secreting cell which modifies, 
in the first instance, the composition of the lymph which bathes the tissues in 
proximity to it, rather than the composition of the lymph which modifies the ac- 
tivity of the gland-cell. There are some cases nevertheless in which it would appear 
that the presence of certain constituents in the lymph is the direct cause of the 
activity or increased activity of the cells. 


SEoRETING CELLS PRESENT DIFFERENT APPEARANCES, CORRESPONDING TO DIF- 
FERENT STATES OF FuncrionAL Activity. THE RESEARCHES OF HEIDENHAIN. 


Amongst the physiologists of Europe who have most enriched science by their 
researches during the last thirty years is unquestionably Professor Heidenhain of 
Breslau, who has exhibited his mastery of the physical side of physiology by his 
classical research on the relations between the heat evolved in and the work done by 
muscle, and asa biologist able to use in the best manner all the resources of modern 
histology in the elucidation of bodily function, by the researches to which I wish to 
direct your attention for a few moments. 

The glands imbedded in, or the ducts of which open upon the surface of the 
mucous membrane of, the alimentary canal, for the most part, are characterised by 
periods of more or less complete cessation of activity, as Judged by the diminution, 
or absolute cessation, of the secretion which they prepare. This is true of the sali- 
vary glands and of the liver, but particularly true of the gastric glands and the 
pancreas. 

Certain of these glands, 7.e. the salivary glands in some animals, and the stomach 
and pancreas in all in which they exist, have the task of preparing juices which 
contain certain so-called unformed or unorganised ferments or enzymes, upon which 
the properties of the secretions in great measure depend. Heidenhain in a long 
series of investigations, which have been taken part in by certain other scientific 
men, as by Ebstein and Griitzner, by Kiihne and Lea, and particularly by Mr. 
Langley of Trinity College, Cambridge, has shown that the secreting cells of a par- 
ticular gland, as for instance of the submaxillary gland, of the gastric glands, and 


1 Carpenter, in his admirable article on ‘Secretion’ in Todd's Cyclopedia of Ana- 
tomy and Physiology. 
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of the pancreas, exhibit differences in size, differences in the form and appearance 
of the nucleus, and differences in the cell contents, corresponding to varied states of 
functional activity. 

Time will not permit my mentioning in detail the results of these observations, 
from which, however, certain general conclusions appear derivable. Thus, a gland- 
cell at rest is usually larger than a similar cell which has been engaged in the pro- 
cess of secretion; from its behaviour to reagents, it usually appears to contain 
within itself an abundant store of the body or bodies which are chiefly characteristic 
of the secretion, or closely related antecedents of these, and the amount of undif- 
ferentiated protoplasm surrounding the nucleus appears to be at a minimum. On 
the other hand, the gland-cells, which have been secreting for a greater or less period, 
often, though not invariably, present a diminution in their size, a diminution in 
the amount of the characteristic bodies previously referred to, and an increase in 
the protoplasmic constituents of the cell. All facts, histological as well as physio- 
logical, seem to point to the following conclusion: that during rest, the cell forms, at 
the expense of, or as the product of the differentiation of, the cell protoplasm, the 
bodies characteristic of the secretion ; that whilst secretion is going on these leave 
the gland-cell ; and that, at the same time, the protoplasmic constituents of the latter 
increase at the expense of the lymph, to be converted secondarily, either at a later 
period in that particular act of secretion, or in the succeeding period of inactivity, 
into specific constituents. The researches of Heidenhain have been conducted upon 
the glands after these had undergone processes of hardening and staining, the appear- 
ances observed indicating changes which, though not identical with, at least corre- 
sponded to various conditions of the gland. Kiihne and Lea and Langley have, 
however, studied glands in a living condition, and though the appearances were not 
identical with those observed by Heidenhain, they entirely confirm these. 

JT have not time to do more than refer to the fact that in some at least, though 
probably in all of the cells of glands which produce secretions containing ferments, 
there are formed at first bodies to which the generic term of ‘zymogens’ may be 
applied, i.e. ferment-generators, from which a ferment is afterwards set free. 

In connection with this part of my subject I may refer to the view, which was at 
one time held by some, that in secreting glands the gland-cell ;having produced the 
matter of the secretion was thrown off, discharging its contents into the secretion. 
This process, when it does occur, must be looked upon as exceptional, and as it were 
accidental. 

Amongst the most striking examples of the success with which physiological 
experiment and subsequent histological research haye been pursued in combination 
so as to throw light upon the functions of particular cells, I may refer first to the 
observations of Heidenhain, secondly to those of Nussbaum on the excretion of 
colouring matters, artificially introduced into the blood, by the secreting epithelium 
cells of the renal tubules. I have previously referred to the theory of Bowman, 
according to which the watery and saline constituents of the renal secretion were 
supposed to be separated by the so-called ‘ glomerult, whilst the organic solids 
of the secretion were supposed to be separated by the epithelium lining the conyo- 
luted tubes. 

To this theory was opposed that of Ludwig, according to which the whole of 
the constituents, watery, saline, and organic, were supposed to be poured out of 
the vessels of the glomerulus, the amount of water however being far in excess of 
that contained in the liquids when it reaches the pelvis of the kidney. Ludwig 
supposed that as the secretion passed over the surface of the epithelium lining the 
complex tubules, processes of diffusion occurred between it, on the one hand, and 
the lymph bathing the tissues lying outside of the basement membrane of the 
tubules on the other, the direction of the current of water being from without 
Jmwards. The anatomical evidence adduced by Bowman was of itself well-nigh 
sufficient to prove the accuracy of his views, which have however been placed be- 
yond all dispute by the following observations: Heidenhain introduced into the 
blood a solution of sulphindigotate of sodium, usually some time after haying 
divided the spinal cord in the cervical region. On killing the animal some time 
afterwards and subjecting the kidney to careful examination, it was found that the 
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colouring matter had been accumulated by the epithelium of the convoluted tubules 
from the lymph bathing the tissues, and which contained so little colouring matter 
as to appear colourless. Ifa sufficient time had elapsed after the injection, the 
colouring matter was found in the form of granules or minute crystals lying on the 
inner side of the cell in the lumen of the tubules. 

Bowman, as I have already mentioned, had in the case of the boa constrictor 
studied in detail the blood-supply to the organ, which, as Jacobson had shown, 
differs in fishes, birds, and reptiles from the mode of arrangement prevailing in 
mammals, 

Bowman had shown that in the boa the glomeruli derived their blood exclu- 
sively from the renal artery, and the convoluted tubes exclusively from the common 
iliac vein. Nussbaum gave absolute completeness to the proof of Bowman’s theory 
by the following remarkable experiment. Expérimenting on the newt, in which 
the bloed-supply of the kidney is similar to that of the boa, he found that, when he 
tied the renal artery, he arrested almost entirely the secretion of water in the kidney, 
but that the excretion of urea and other solid matters, and amongst others of the 
colouring matter already used by Heidenhain, viz. indigo carmine, continued. 
Ligature of the renal branches of the common iliac vein stopped the secretion of 
organic solids without impeding that of water. 


THE MOST RECENT THEORIES ADVANCED IN EXPLANATION OF THE PHENOMENA OF 
GLANDULAR SECRETION. 


Having brought before you the most salient facts with which we are acquainted, 
which appear to throw the most light upon the general physiology of glandular 
secretion, I wish, before concluding, to speak of the theoretical views which have 
been advanced in explanation of a large number of the facts. 

In the first place, I have to confess that our ignorance is absolute as to the 
cause of the specific endowment of different secreting cells, in virtue of which they 
produce new bodies at the expense of certain of the materials supplied to them by 
the lymph, or separate particular constituents from the lymph, to the exclusion of 
others which are equally abundant in the liquid. We express the full measure of 
our ignorance when we state that the difference in function of different gland-cells 
is due to differences in endowment of the protoplasm of the cell, which in no case 
is explained by any objective characters of the cell. 

The phenomena of the secretion of water, which forms so large a part of every 
secretion, have given rise, however, to numerous speculations, concerning which I 
may make a few remarks. 

The primitive view that the glands are organs in which is strained off from 
the blood water holding certain substances in solution has, in a modified manner, 
found favour with some even to our own days, and appears indeed, at first sight, to 
be borne out by certain facts. Thus within wide limits the amount of water se- 
ereted by the kidney depends upon the pressure of blood in the glomeruli. Any 
circumstances which will lead to an increase of pressure in these vessels (as increase 
of blood-pressure generally, division of renal nerves, division of the splanchnics, 
especially when combined with stimulation of the spinal cord), by dilating the 
branches of the renal artery, will lead to this result. At first this would seem 
to show that the process of separation of water, in the kidney at least, is but a 
process of filtration, though a remembrance of the famous experiment of Ludwig, 
referred to at an earlier period, on the relation between the pressure of secretion 
of saliva and that of the blood in the arteries, would impose caution in drawing 
the conclusion. What are the facts, then, relating to the blood-pressure in vessels 
in other organs of the body, and the transudation of liquid from them ? 

If an increased arterial pressure led ipso facto to an increased transudation 
through the capillary walls, it would follow that the amount of lymph and the 
pressure of the lymph-stream would rise with the rise of the arterial pressure, but 
direct experiments on this matter have led to an opposite conclusion. The experi- 


“ments of Paschutin and Emminghaus, carried out under Ludwig's direction, have 


shown that when the arterial pressure in the extremities is increased, there is no 
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corresponding increase in the lymph produced. Again, when the chorda tympani 
is stimulated in an animal into whose blood atropia has been introduced, the vas- 
cwar dilatation which is produced, and which is then unaccompanied by secretion, 
does not lead to an increased production of lymph, which would make itself evident 
by the gland becoming cedematous. How then are we to account for the flow of 
water through a gland? By ascribing it to an influence which is exerted by the 
eland-cell, in the first place, upon the liquid which environs it, viz. the lymph. 
And accordingly, even in the case of the glomeruli of the kidney, we conclude that 
the water is separated as a direct result of the activity of the layer of trans- 
parent epithelium cells which cover them. Hering has advanced a strictly physical 
theory, which would account for the mode in which certain cells exert this in- 
fluence, by supposing that there is produced within them bodies which, like mucin, 
haye a great affinity for water and which then pass into the secretion ; and which 
therefore lead to a current of water passing through the cell; but the theory is one 
which cannot be admitted, because, as Heidenhain points out, the passage of water 
through a gland occurs in cases where there is no constituent in the cells at all 
resembling mucin in its affinities or behaviour towards water, 

I feel inclined to say that the speculations, necessarily indefinite though they 
are, of Professor Heidenhain afford the best explanation of the phenomena. Heiden- 
hain starts from the fundamental fact that during secretion only as much water 
passes out of the blood-yessels of the gland as appears in its secretion, seeing that, 
however long the process of secretion may continue, the gland never becomes 
cedematous, nor does the current of lymph from it increase. 

The volume of liquid filtered through the blood-capillaries adjusts itself 
exactly to the yolume of liquid separated by the cells. This equality in the 
amount of liquid secreted and filtered appears only explicable on the supposition 
that the act of secretion is the cause of the current of water—in other words, that 
the water which the cells lose in the formation of the secretion generates changes 
in them which can only be compensated for by an abstraction of water from the 
immediate environment. 

Within certain limits, Heidenhain continues, we may form purely physical 
conceptions of the process. We may conceive, for instance, the whole protoplasm 
of the cell to have a certain affinity for water. The cells at their contact with the 
basement membrane may be supposed to be able to abstract water from it; the 
loss which the membrane sustains will be made up by the lymph, and this again 
will influence the blood in the capillaries. 

The passage of water into the cells will go on until a period of equilibrium is 
attained; but at that time the current of water from the capillaries through the 
lymph to the cells will cease. We may conceive further, reasons Heidenhain, 
that the passage of water out of the cell is hindered by such obstacles to the pro- 
cess of filtration as are represented by resistance opposed to it by the superficial 
border layer of protoplasm. If we now conceive that—for example, as a result of 
nerve-stimulation—the gland-cells pour out water, the condition of equilibrium 
which existed between cell, basement membrane, lymph, and capillary will be 
disturbed, and a current of liquid set in from the last to the first, and continue as 
long as the activity of the cells continues. 

It is not difficult moreover, Heidenhain remarks, to form physical conceptions of 
the processes whereby water may be separated from the cell itself. It is conceiv- 
able, for instance, that the protoplasm of the cell may contract after the manner 
which occurs in many infusoria, and which in them leads to the accumulation of 
water in droplets, forming vacuoles, except that in the case of the secreting cells 
the water is powred out on the outside and not on the inside of the cells. Or, 
again, it is possible that on the gland-cell passing into the condition of activity an 
increased production of CO, may occur, leading to an increased diffusion of water 
outwards, 

So far, I have quoted Professor Heidenhain, for the most part in his own 
words. Let me add, however, that the two hypotheses which he advances as 
possible explanations of the mechanism of secretion of water by the cell rest upon 
the most probable grounds, as upon the presence of the intra-cellular protoplasmic 
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network which has been so beautifully demonstrated by recent researches, and 
especially by those of Professor Klein; or, again, upon the fact, proved by the 
analyses of Professor Pfliiger of the gases of the saliva, that there is during secre- 
tion great production of CO,. as shown by the amount of this gas in the saliva 
being much greater than in the blood, and upon the fact of the remarkable diffusibility 
of acid solutions. 

Reasoning upon a large number of facts, which I have not time to refer to, 
Professor Heidenhain has come to the conclusion that, quite apart from the nerves 
which control the vascular supply to a gland, there exist two distinct sets of nerve- 
fibres in relation to the glandular elements. The first of these, which he terms ‘ secre- 
tory,’ when stimulated, lead to the secretion of water and saline constituents; the 
second, which he terms ‘trophic,’ influence the transformations of the protoplasm 
of the cell, and thus affect the organic constituents of the secretion. 

I do not wish to pronounce a definite opinion concerning this hypothesis, but 
would remark that the nomenclature proposed by Heidenhain appears to me to be 
an unfortunate one, especially because it attaches a new meaning to a word which 
had preyiously been used by physiologists in a different sense. I refer to the 
adjective trophic, which has always implied ‘ governing nutrition.’ It appears to me 
almost inconceivable that if there exist two sets of secretory nerves, the action 
of each should not profoundly affect the nutrition of the cell protoplasm, though, 
of course. it is conceivable that they should do so in very different manners. 


GENERAL ConciLusions. 


The complicated studies, of which I have attempted to give you a brief sketch, 
have led to our forming certain clear general conceptions in reference to the process 
of secretion, They have brought into greater prominence the dignity, if I may use 
the expression, of the individual cell. The process of secretion appears as the 
result of the combined work of a large number of these units. Each, after the 
manner of an independent organism, uses oxygen, forms CO,, evolves heat, and 
derives its nutriment from the medium in which it lives, and performs chemical 
operations of which the results only are imperfectly known to us, and which 
depend upon peculiar endowments of the cell protoplasm, of which the causes are 
hidden from us. So long as the protoplasm is living, the gland-cell retains its 
power of discharging its functions, and in many cases does so, so long as the inter- 
cellular liquid furnishes it with the materials required. In some cases, however, 
the gland-cells are specially sensitive to a variation in the composition of the 
nutrient liquid, certain constituents of which appear to stimulate the protoplasm 
to increased activity. In the higher animals the cells, particularly in certain 
glands, are in relation to nerves which, when stimulated, affect in a remarkable 
manner the transformations of their protoplasm, leading to an increased consump- 
tion of oxygen, an increased production of carbonic acid, an increased evolution of 
heat, and an increased production of those matters which the cell eliminates and 
which constitute its secretion. 

This historical survey of the growth of our knowledge of the process of secre- 
tion exhibits the characteristic features of biological advancement. Comparative 
anatomy has been the foundation of, observation of facts and physical experiment 
the road to, physiological research, At various stages the value of hypotheses has 
been well illustrated, and, whenever they have had to make way for the broader 
and truer interpretations suggested by the accumulation of facts and greater pre- 
cision of observation, it has been demonstrated that the process of observation is 
not one of simple sight but of complex ratiocination. ; 
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FRIDAY, AUGUST 25. 
The following Report and Papers were read :— 


1. Report on the Influence of Bodily Exercise on the Elimination of Nitrog-n. 
See Reports, p. 269. 


2. On the Larly Development of certain Rodents. By Dr. ALEX. FRASER. 


The author announced, as a preliminary communication, his having ascertained 
the fact of the existence in the rat and mouse of an inversion of the layers of the 
blastoderm, the same as in the guinea-pig. He also described some of his observa- 
tions, and exhibited microscopic specimens illustrating them. 


3. On the Homologies of the Long Flexor Muscles of the Feet of Mammalia.' 
By G. E. Dosson, M.A., MB. 


The muscles, with the homologies of which this paper deals, are as follows:— 

1. Flexor digitorum fibularis = Flexor hallucis longus (Human Anat.). 

2. Flevor digitorum tibialis = Flevor digitorum longus (do.). 

3. Tibialis posticus. 

The various modifications of these muscles in many species of the different orders 
of mammalia were described, the leading ones being illustrated by enlarged drawings 
of the dissected limbs. Examination of a large series of specimens showed that the 
three muscles are represented by their homologues in most mammals, the flea‘or 
fibularis existing in all, and exhibiting but few modifications, while the other two 
are subject to much variability, and in some instances are severally or collectively 
absent. Of these the flevor tibialis was found to vary very considerably within 
certain limits, a variability hitherto not understood by anatomists, and attempted 
to be explained by supposing the muscle to have undergone fusion with the flevor 
Jjibularis, while, to its real homologue, the names tibialis posticus accessorius, 
secundus, or internus had been given. 

The author showed that the tendon of the flere tebialis which. in most species 
of placental mammals unites in the foot with that of the fleror Aibularis, in many 
species (belonging to certain families) of insectivora, edentata, and rodentia, and 
apparently also in all implacental mammals, beeomes separated frcm its connection 
with that muscle, and attaches itself instead to some part of the tibial margin of the 
foot, or to the plantar fascia and integument of the sole. An analysis of these two 
leading conditions of the muscle is shown in the table below, and gives interesting 
results, the significance of which was fully discussed. 


Flexor digitorum tibialis, united in the foot Flexor digitorum tibialis, not connected in the foot with tae 

with the Flexor digitorum fibularis Flexor digitorum fibularis 
Chrysochloridz \ 
be rattan Lalpide 

I. INSECTIVORA Pidtartnwnlitve I. INsEcTIVORA - Soricidz I, MonorremMata. 

? io he cri ids 
[Bapaint Erinaceidz 

Galeopithecide 

TI. CurropTERA. II]. MarsuPia.ia, © 
Hystricomorpha Tilecanesse al. aie hala 


III. Ropenria . { 


Lagomorpha Myomorpha 


ts F Dasypodide 
1V. Epentata . Orycteropodide | py Eprnrara . Lo 


V. HyracoipEa oak She . Manide 
0 tibialis posti- 


cus 


VI. UNGULATA 
VII. PrososcipEA 
VIII. CArNnivora, 

IX. PRIMATES. | - 


1 Subsequently published én eatenso in the Journ, of Anatomy aad Physiology, 
vol. vii, (1882-3). 
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4. On the Nature of the ‘Telson’ and ‘ Caudal Furca’ of the Crustacea. 
By Dr. M. M. Hartoa. 


The author gave a short account of the different views held on the nature 
of these parts. His own explanation of them is as follows: In Copepoda the 
anus is a terminal-dorsal slit ; the tergum of the last segment (which is prolonged 
into the furcal process on either side the anus) is produced into a semicircular plate, 
overhanging the anus, which may hence be termed the ‘supra-anal plate.’ 


___ Last abd. segment. 
___ Supra anal plate. 


| Furcal processes. 


If this plate is produced further and becomes more or less adnate to the furcal 
processes, the anus is pushed down thereby, becoming, first, terminal-ventral (e.g. 
phyllosoma larva of Palinurus), and then truly ventral. In the Astacus, &e., the 
fureal processes are visible as lateral truncate setose knobs projecting at the sides of 
the telson a little posterior to the anus. 

Embryology also confirms the view taken that the telson of the higher Crustacea 
is equivalent to the last segment of the nauplius body, together with an immensely 
developed post-anal portion compesed in varying proportions of the supra-anal plate, 
and the adnate furcal processes. 

The fureal processes are regarded as outgrowths of this somite, not strictly com- 
parable to limbs, but rather to those primitive paired outgrowths of the body-segments 
which have become limbs elsewhere by the development of basal articulations and a proper 
musculature, specialisations which are unneeded in this segment attached only at its 
anterior end. 


SATURDAY, AUGUST 26. 
The Department did not meet. 


MONDAY, AUGUST 28. 
The following Papers were read :— 


1. On the Perception of Colour in Man and the Lower Animals. 
By J. D. Macponatp, W@.D., FBS. 


2. An improved Method of directly determining the Velocity of the Con- 
fraction-Wave in Curarised Muscle. By Professor EH. A. Scuirer, F.R.S. 


The method here briefly described is a modification of the one which was 
originally employed by Aeby. This, which was not only the first, but still remains 
the only direct mode of determining the velocity of the contraction-wave, consists 
in resting upon the muscle at a carefully measured distance from one another, two 
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light levers which are made to write upon the same moving surface ; the muscle is 
then stimulated at one end ; the wave of contraction, in passing along the fibres, 
raises the levers in succession, and the space intervening between the commencement 
of the curve described by the one lever and that of the other, gives the time taken 
by the contraction-wave to traverse the portion of muscle between the levers, From 
these data the velocity of the wave is readily calculated. 

It is found, however, that the measurements obtained by this method are of 
much less value than those deducible from measurements of the rate of conduction of 
an excitation along the muscular fibres, or of the rate of passage of the electric 
changes which result from stimulation ; ; indeed, it is searcely possible to obtain any 
exactitude by its means, on account of the difficulty. i in determining exactly the 
points at which the muscle-curves described by the levers begin. 

In order to obyiate this difficulty I have caused the levers, instead of writing 
directly upon a moving surface, successively to break galvanic circuits connected 
with a Ruhmkorff inductions apparatus, the ends of the secondary coil being so 
arranged that the sparks are transmitted through a sheet of smoked paper, moved 
rapidly by means of a strong spring-myograph ; a time-tracing is at the same time 
recorded on the paper by a chronograph. The interval between the pricks in the 
smoked paper caused by the sparks, gives with great exactness the time occupied by 
the contraction-wave in traversing the distance ‘between the levers. 

The (vulcanite) levers employé ed for the purpose are about six inches long and of 
the third kind. They are so hinged at the fulcrum as to permit no lateral play, and 
at a distance of about two inches from the fulerum a thin piece of steel is rigidly 
fixed so as to depend vertically ; the lower end of this rests on the muscle. 

Each lever carries at its free end a small semicircular bridge of copper wire, the 
ends of which are bent downwards ; one end terminates ma platinum point, and the 
other end is amalgamated. Immediately beneath the platinum point is a plate of 
the same metal, capable of being raised up by means of a screw, so as to be brought 
in contact with the point ; and beneath the amalgamated point is a small cup 
containing mercury, the surface of which can also be raised by a screw (as in the 
Helmholtz ‘ double-contact’ arrangement employed in the ‘ Frosch-unterbrecher’ 
of du Bois-Reymond), so as to touch the amalgamated point, and by subsequently 
depressing the mercurial surface, remain connected with it by a thread of mercury 
only. By this contrivance any current which may be passing through the wire 
from the platinum plate to the mercurial eup, or vice versd, is broken at the point 
of contact with the plate the instant the lever is raised, but in consequence of the 
breaking of the mercurial thread, the circuit is not closed again when the lever falls, 
until the mercurial surface is again raised by the screw. 

In experimenting with this apparatus especial attention must be directed to the 

regulation of the contact between the platinum point and plate, the latter being 
screwed up with the greatest possible care, so as only just to make contact with 
the point. 

The results which I have obtained by this method, although not yet sufficiently 
numerous for detailed publication, have given a considerably higher velocity (between 
2 and 3 m. per sec.) than those yielded ‘by the original method of Aeby. 

A modification of the above method consists in the adoption of Pouillet’s 
method of time-measurement. ‘The arrangements for this purpose are simpler, the 
spring-myograph and the Ruhmkorff being dispensed with and their place taken 
by a galvanometer, The second copper bridge, z.e. the one attached to the further 
lever, is introduced directly into the galvanometer-battery circuit (by connecting 
the wires of this cireuit with its platinum plate and mercurial cup), but the first 
copper bridge is so connected laterally as to short-circuit the current. The raising 
of the first “bridge, therefore, sends the current through the galvanometer, and the 
raising of the second bridge breaks the circuit. During the interval between the 
yaising of the levers the current has been acting upon ‘the galvanometer, and the 
length of time it has been passing can be ascertained by noting the extent of 
deflection of the galvanometer-needle. 


; 
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3. Note on the Structure of the Muscular Tissue of the Leech. 
By T. W. Suore, Jun., B.Sc. 


After detailing his observations on the fresh muscle-tissue of the leech, and 
describing the action of reagents, the author sums up as follows:— 

1. The muscle-tissue of the leech consists of elongated tubes with two coats— 
the sarcolemma and contractile layer—the inner surface of which is irregular, and 
gives rise to apparently granular contents. 

2. In the living condition it is unstriped. 

3. There are no nuclei, and the contents are a colourless serous fluid. 

4, Transverse striation may be produced post mortem as the result of three sets 
of changes :— 

(a) Regular arrangement of the papillz on the inner surface of the con- 
tractile layer. 

(b) Foldings of the surface of the sarcolemma. 

(c) Splitting into segments of the contractile substance. 

5. The contractile substance coagulates, forming myosin, which subsequently 
contracts. 

6. The rapidity of and mode of contraction give rise to varying appearances of 
fissures, striation, &c. : 

He then passes on to a discussion of the bearing of these results on other con- 
siderations, and finally suggests a new theory as to the structure of striated muscle- 
tissue. 


4, On the Kidneys of Teleostet. By W. Nnwton Parxer. 


In a paper read last year at the British Association, the late much-lamented 
Professor Balfour showed that in certain adult Teleostei, as well as in Lepidosteus 
and Acipenser amongst the Ganoids, the so-called ‘head-kidney,’ or pronephros, 
contained no uriniferous tubules, but was composed entirely of highly vascular 
lymphatic tissue. He therefore considered it probable that there were no func- 
tionally active remains of the pronephros in the adults of either of these groups. 

The author of the present paper, in following up these investigations, finds that 
in some Teleostei the so-called ‘head-kidney’ has precisely the same structure as 
the rest of the kidney, or mesonephros. He nevertheless holds to Jalfour's view 
as to there being no functionally active remains of the pronephros in the adult, and 
explains the above cases by supposing that the mesonephros has grown forwards in 
front of the air-bladder, where there is most room for it, so as to take the place of 
the larval pronephros. That this is not improbable is shown by the great variation 
in the form and position of the mesonephros in different species of fishes, 


5. On the presence of a ‘ Tympanum’ in the genus Ruia. 
By Grorce Bonn Howes. 


The author regards a fenestra (long known to exist) in the roof of the audi- 
tory capsule of the genus, and its adjacent parts, to be a modification of what is 
seen in other species, which is correlative of the compression from above downwards 
undergone by it, resulting in the formation of a ‘tympanum’ physiologically fore- 
shadowing the essential process involved in the elaboration of the auditory organ 


_ of the higher forms, the real bearing of which has hitherto eseaped notice. 


j 
- 


6. On some Toxic Conditions of the Blood, illustrated by the action of Hydvo- 
cyanic Acid. By Tuomas 8. Ratpu, M.R.C.S. 


The author satisfied himself of the occurrence of amyloid bodies in the blood, 
a blue reaction being produced by the administration of hydrocyanic acid, and 
1882. PP 
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suggested the possibility that there may be a quasi-spontaneous formation of some 
‘eyanoid’ poison in the blood. 


7. Upon some new Methods of investigating the Physiology of the Mammalian 
Heart. By Professor H. N. Marriy. 


TUESDAY, AUGUST 29. 


The following Papers were read :— 


1. Considerations arising from Koch’s Discovery of the Bacillus of 
Tuberculosis. By F. J. Faravay, F.L.S. 


Two great discoveries, Pasteur’s discovery of the decreasing virulence of specific 
disease-germs when kept in the presence of oxygen, and Koch's discovery of the 
bacillus of tuberculosis, have been made within the past two years. The author 
suggests a possibly useful relation between these discoveries. Referring to the 
suggestion of Dr. William Roberts, F.R.S., of Manchester, in his address to the 
Medical Association in 1877, that disease germs may be ‘sports’ from harmless 
saprophytes which have acquired a parasitic habit, he asks whether deprivation of 
oxygen, or cultivation in gaseous mixtures from which the normal supply of free 
oxygen present in good air is absent, may not have an influence in converting harm- 
less germs present in the atmosphere into the bacilli of tuberculosis. He refers to 
Carl Semper’s researches on the influence of the environment on animal modification, 
and to the fact that many larve of insects live in situations where the air is un- 
doubtedly mixed with gases which the higher vertebrata could not breathe without 
injury, and suggests that the adaptability of organisms, and their impressionability 
by surrounding conditions, may increase as the scale of life is descended. He also 
refers to a paper by Mr. Frank Eatton, F.C.S., read before the Chemical Society, 
on experiments with bacteria in various gases. Mr, Hatton gave the chemical 
results, but it would be interesting to know the influence of cultivation in 
such media on the character of the bacteria themselves. Dr. Angus Smith has 
argued that the putrefying process, when carried on in confined places, such as 
sewers, may develope disease-germs which are not developed when the same 
process goes on in unconfined places ; typhoid fever seems to be developed by pro- 
cesses in sewers which, carried on in the Clyde for instance, do not originate any 
well-marked disease. Analogous conditions may be presented in the lungs of 
persons engaged in dusty trades, breathing vitiated atmosphere in ill-ventilated 
rooms, or engaged in sedentary occupations, and not taking healthy exercise ; 
and also in the lungs of persons who are hereditarily narrow-chested, weakly, 
and of feeble inspiratory habit. Innoxious germs present in the atmosphere 
may be inhaled and retained in the lungs of such persons, and there by suc- 
cessive culture and deficient aération acquire a parasitic or deadly character. 
The author refers to Pasteur’s method of restoring the virulence of ‘atte- 
nuated’ germs by successive culture in the bodies of different animals, as possibly 
explaining the communication of tuberculosis to persons of sound constitution, the 
parasitic habit of the tubercle ‘sport’ being so strengthened and confirmed by suc- 
cessive culture under the assumed favourable conditions, as to enable it eventually 
to establish itself under certain conditions in a meliew which would not be suitable 
for the origination of the culture. He refers to a new treatise by Dr. Ferdinand 
Kroczak, of Briinn, entitled ‘Die Heilung der Tuberculose,’ and shows that Dr. 
Kroczak’s arguments in support of the special treatment recommended by him 
are in harmony with the hypothesis advanced. 

The decrease of mortality from consumption in the army since the improyement 
of barrack ventilation, and the relief afforded to patients by sea voyages, the air of © 
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pine-woods, carbolic-acid inhalations, and by other suggested remedies, is also re- 
ferred to as giving support to the hypothesis. 


2. Remarks on Filaria Sanguinis Hominis. By Dr. Cosnoin, F.R.S. 


The author gave a full account of the relations subsisting between 
the larval microscopic filariz occurring in man, the higher larval stages of the 
same parasite occurring within the body of the mosquito, and the sexually mature 
form, or Filaria Bancrofti. The development of the parasite, as made known by 
the researches of Manson, were carefully described, and the phenomena of filarial 
periodicity were explained by means of a series of large diagrams. The author 
maintained, contrary to the views generally held, that the bloodsucking propen- 
sities of the mosquito had more to do with the heating of the ova of the insect 
itself than with any immediate purpose of self-nourishment. The provision for 
the welfare of the filarize and their reproduction was thus, in a truly remarkable 
manner, intimately bound up with the welfare of the insect. In the course of the 
paper the author specially referred, not only to the brilliant results obtained by 
Manson, but also to the discoveries of Drs. Lewis, Myers, and Stephen Mackenzie. 


3. On the Destiny of the Filaria in the Blood. By Dr. P. Manson. 


In this paper (communicated by Dr. Cobbold), the author dealt with the ques- 
tion of the fate of the embryo parasites which have not been directly removed from 
the circulation by mosquitoes. He asks:—‘ Do they, after a brief life of a few 
hours, die?’ And again: ‘ Do they daily retire to some organ, or set of vessels, to 
await the recurrence of conditions that induce them to return to the circulation? 
Dr. Manson had kept the larvee alive in the serum of blood for more than 100 
hours. Dr. Myers has expressed an opinion that there is a daily dissolution of the 
filarie, but Dr. Manson combats this view, and from his observations is led to 
conclude that it is unreasonable to suppose that ‘ animalcules exhibiting such tena- 
city of life outside the body should so, quickly die within it.’ As bearing upon this 
subject he also remarks: ‘I do not recollect ever to have seen in freshly drawn 
blood a dead filaria, at least one parasite whose death could not be easily accounted 
for by accidental crushing under the glass cover.’ } 


4. Note on the Early Development of Lacerta. Muvralis. 
By W. R. Wetpon, B.A. 


1 A fuller report of the author’s latest researches appeared in the Customs Gazette 
for 1882. 
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DEPARTMENT OF ZOOLOGY AND BOTANY. 


CHAIRMAN oF THE DeraARTMENT—Professor M. A. Lawson, M.A., F.1.5. 
(Vice-President of the Section). 


THURSDAY, AUGUST 24. 
The Department did not meet. 


FRIDAY, AUGUST 25. 
The CHarrMAN delivered the following Address :— 


AxrHoucH the President of this Section has made eloquent allusion to the great 
loss which the whole scientific world has sustained in the death of our great 
countryman, Charles Darwin, still I am sure I shall not be thought to be doing 
more than is my bounden duty if I, too, from this chair give some utterance to 
the deep sense of irretrievable loss which all we in this department must feel has 
fallen upon us. 

It is not my intention to give an account of Mr, Darwin's numerous works, for 
that has already been partially done by abler hands than mine, and a complete 
survey of his labours would occupy much more time than that which is usually 
allotted to an address such as this. At the same time I think that in this depart= 
ment we are particularly called upon to give utterance to some expression of our 
feelings, inasmuch as we may be said to have been more concerned in those matters 
of which Mr. Darwin was teacher than any other section of the Association. It 
was upon this platform, more than in any other place, that the great battle of the 
doctrine of evolution, which is so intimately connected with Mr. Darwin's name, 
was fought. It was upon this platform that his friends and coadjutors—Mr. 
Alfred Wallace, Sir Joseph Hooker, Professor Huxley, and many others—ex- 
pounded his views, and added by their own researches to the sum of evidence 
which has finally convinced all the leading scientists of the day of the substantial 
soundness of his speculations. 

There are many of us now present who will never forget the intense interest 
and excitement which attended the discussions which took place in the earlier 
days of the history of the doctrine of evolution ; nor shall we forget with what 
bitterness Mr. Darwin’s views were met, on the occasion of the Association's meet- 
ings at Oxford, Cambridge, Norwich, and Exeter; nor how everything that came 
from his pen was regarded with feelings of suspicion and hatred; and how even his 
blameless and guileless character was frequently assailed by those who could only 
see in his works a desire to dethrone all that which they considered sacred. It is 
also in the recollection of all of us here how he met the attacks which were made 
upon him with silence, never returning opprobrious declamation or insulting sarcasm 
by angry or contemptuous answers. Ever conscious that his aim was to search out 
the truth and that only, he could afford to disregard contumely and misrepresenta- 
tion. Indeed, so completely was he imbued by the consciousness that his aim was 
righteous, that the taunts and sneers which were lavished upon him seem to have 
been powerless even to vex him. Again, we in this department will remember how 
these attacks year by year grew less frequent and less bitter; how wholesale’ 
denunciation gave place to legitimate questionings of particular points, and how 
even personalities at last gave place to general professions of esteem and respect; 
till at last, but a few short months ago, we witnessed the burial of his remains in 


TRANSACTIONS OF SECTION D.— DEPT. ZOOLOGY AND BOTANY. 581 


the national mausoleum, and saw his coffin followed not only by scientists and lay- 
men, but by priests of various religious denominations, all of whom sought by their 
presence to testify to their recognition of his great worth; and perhaps some to 
atone in a measure for the unjust things which they might have said or thought 
about him, when they were unacquainted with his character, and only half- 
acquainted with the object and nature of his labours. 

But although our hearts are still sore at the remembrance of our loss, there are 
many things the reflecting upon which may well console and reconcile us to it, 

In the first place he had been spared to us till such a time as we were able to 
walk without further needing the assistance of his guiding hand; and the work 
which had occupied him all his life had been so far finished that it can now without 
difficulty be carried on by his disciples. 

In the next place, his life, although far from having been free from suffering, 
had been prolonged to a green old age, and he was able and delighting to work 
almost to the very day of his death. He had the satisfaction of looking back upon 
a long life happily and worthily spent. He had the satisfaction of living to see 
the doctrines which he had promulgated gradually acknowledged, and finally uni- 
versally accepted. He was surrounded by devoted friends, and regarded by all 
naturalists with a reverence and affection such as has fallen to the lot of none since 
the time of Linnzus. 

Tf, however, we have consolation in the remembrance that the lamp of Charles 
Darwin, which had burned so brightly, had also burned its full time, we have none 
such in the case of that other bright light, which has lately been so unexpectedly 
extinguished. In the lamentable death of Francis Balfour, at’ the early age of thirty, 
we can only feel unmixed regret. 

He had already done great things, and we had a right to hope that he would 
have lived to achieve greater things still. 

He had just been appointed to a professorship in Cambridge, where everyone 
confidently looked forward to his doing in that University for morphology what his 
master and friend had done before him in physiology ; to his inspiring his pupils 
with a true love of his branch of science, and making them, like himself, original 
observers and workers. Everyone, too, made no doubt but that he would further 
follow out those elaborate researches in the development of the early stages of 
growth in animals, which had already made his name known and honoured 
wherever in the world the subject of animal morphology is studied. 

But all these hopes have been cruelly destroyed by that fatal accident which 
occurred to him while travelling in search of recreation and health on the Alps 
of Savoy. Without impiously wishing too closely to scrutinise the decrees of 
heaven, we cannot help asking why he, who could be so badly spared, should have 
been taken, while the thousands, who would not have been so much missed, 
and who every year risk something in climbing the Alps, should yet escape 
without injury. 

It is now eight years since Mr. Bentham communicated to this department, at 
Belfast, his report ‘On the Recent Progress and Present State of Systematic 
Botany,’ and I propose to take for the subject of my address to-day the advances 
which have been made in this branch of botany since that date, 

Mr. Bentham, for the more easy consideration of the subject, classified the 
various works relating to systematic botany under six heads. And I do not think 
I can adopt a more convenient plan than to follow upon the same lines. 

The six heads were as follows :— 

1. Ordines Plantarum. Being general treatises on descriptive reviews of the 
natural orders. 

2. Genera Plantarum. Being the methodical enumeration and descriptions of 


genera. 


3. Species Plantarum. Being the methodical enumeration and descriptions of 
species. 

4. Monographs of separate orders or genera, sub-genera, or species. 

5. Floras of separate countries or districts, 

6. Detached and miscellaneous specific descriptions. 
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1. Ordines Plantarum. 


Under this head I have no work of importance to bring before your notice. 

Indeed it is not to be expected that works of this kind should appear at more 
than yery rare intervals; for not only do general treatises on the relationships of 
natural orders require for their successful treatment an intimate acquaintance with 
vegetable morphology, both gross and minute, but there must also be a special 
acquaintance with the life-history of a large number of individual species belonging 
to each order. And, moreover, this very extended knowledge (which is possessed 
by few botanists) must be accompanied by an acutely logical mind and great 
soundness of judgment. 


2. Genera Plantarum. 


For the same reason that works descriptive of the orders of plants appear but 
rarely, so are works descriptive of the genera of plants few and far between. 
Indeed, where there is an attempt to describe all the genera belonging to the 
Phanerogamia, such works are less frequent; inasmuch as the mechanical labour 
of dissecting the innumerable number of species of which the genera are composed, 
and of writing out a description of them, is infinitely greater. 

I have, however, the great satisfaction of being able to record the near comple- 
tion of that monument of original research and industry, ‘The Genera Plantarum,’ 
by Mr. Bentham and Sir Joseph Hooker. This work, the publication of which 
has extended over a period of exactly twenty years, consists of three large octavo 
volumes, each of which contains over one thousand pages of closely printed matter. 
In these pages are described the genera belonging to the angiosperms and 
gymnosperms, amounting in all to the enormous number of something like 7,400. 
Simply to compile from works so large a number of genera would entail an 
immense amount of labour. But when we know that each genus has been critically 
investigated by one or other of the authors, not only as regards the characters, which 
were to determine its limits and explain its affinities with other genera, but also as 
regards its synonymy, which, in many instances, had become fearfully involved ; 
and when we add to this the knowledge that the geographical distribution of each 
genus has been carefully worked out, we can only marvel that so much should have 
been done so quickly. 

No doubt, as time goes on, and new plants are discovered, and more complete 
information is gained respecting old ones, it will be found necessary to revise the 
characters and limits of some of the genera. And when all is done, there will be 
differences of opinion in many cases as to where the limits may be most conveniently 
placed. Nevertheless, there can be little room for not believing that, in by far the 
greater number of instances, the genera as here defined will be accepted as fixed so 
long as our present nomenclature exists. 


3. Species Plantarum. 


Under this head again, so far as the Phanerogamia are concerned, there is 
nothing new to report. Nor do I think there is any likelihood that any general 
work, including all the species which are known, will be forthcoming for many 
years. Indeed, I do not feel sure that it would be desirable at present that any 
one should attempt such a work. And for the following reason. 

Within the last few years, many parts of the world, which were formerly un- 
known or closed to us, are beginning to be thrown open to our collectors; and we 
have had already a large number of new species sent home. But in many of these 
parts, our collectors have really been able to do little more than snatch at the flora, 
as they have hurried through on some rapid journey. Hence we may fairly expect 
that for many years to come there will be more new species constantly turning up. 
This being so, I think it might be better that we should wait a little longer till 
the list of known plants approaches nearer completion. 

Meanwhile, there isa great deal of needful preparatory work, which is being 
done ; such as the carefully comparing every new species with those already known, 
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and more particularly still, the unravelling that dreadful synonymy which clogs and 
fetters the systematist at every step. 

Amongst the cryptogamia, I have to make mention of the completion of Jsger’s 
‘Adumbratio Flora Muscorum.’ This work was begun in the year 1871 and carried 
on by Dr. Jeger until his death, when after a short interval it was recommenced 
and finally finished by Dr. Sauerbeck two years ago. With its two supplements, the 
‘ Adumbratio’ enumerates 335 genera and 7,422 species, and gives, so far as it is 
known, the geographical range of each species over the world. There are, however, 
no descriptions of the species, but the muscologist is referred to the various pub- 
lications in which these—at least the more recently described ones—haye originally 
appeared. The synonymy, which in mosses is as extensive and as confused as in 
any other group of plants (always excepting the ferns), is in many cases imper- 
fectly worked out; and the difficulty of finding a species or its synonym is further 
enhanced by there being no index. But notwithstanding these defects, the last 
of which might easily be remedied, the work is one of considerable value to those 
who have to arrange in an herbarium large collections of mosses, and it will save 
anyone, who may hereafter undertake the task of writing a ‘Species Muscorum, 
a vast amount of preliminary labour. Whether the numberof genera and species 
—and especially the genera—have been unduly increased by overdividing is a 
subject on which there will be considerable difference of opinion; but as a matter 
of convenience the system of having big genera, with sections, is much to be pre- 
ferred to that of haying a number of small ones; if only on account of the great 
multiplication of names which the latter entails. In the case of species, the 
kind of names, which have been given of late, are suggestive of sub-division 
haying been carried too far. For instance. we have many so-called species the 
names of which are made up of some old well-known species and the prefix 
‘ pseudo’ or ‘sub.’ Thus in the genus Hypnum we have no less than twenty-seven 
names beginning with ‘ pseudo,’ as Hypnum pseudo-commutatum, Hypnum pseudo- 
populeum, or Hypnum pseudo-velutinum; while in the same genus under ‘sud,’ such 
for instance as Hypnum sub-imponens or Hypnum sub-rutabulum, we haye no less 
than forty-nine such names. 


4. Monographs of separate orders, or genera, sub-generu, or species. 

There are several important monographs, which have been written during the 
last few years; and perhaps none more so than those which have made their 
appearance under the auspices of the two De Candolles (father and son), in con- 
tinuation or revision of the ‘Prodromus.’ In the three volumes as yet published 
there are ten orders, which have been monographed. The orders are— 


Smilaceze by Alphonse De Candolle. 
Restiacezee by Dr. Masters. 

Meliaceze by Casimir De Candolle. 
Aracee by Engler. 

Phylydraceze by Caruel. 

Alismaceze ) 

Butomeze | by Michel. 

Juncaginese ) 

Commelinaceve by C. B. Clarke. 
Cucurbitacese by Cogniaux. 


It will be noticed that of these ten orders eight belong to the monocotyledons. 
This will be welcomed by all botanists, as it is this portion of the phanerogamia 
which has been most neglected. 

Another of the monocotyledonous orders, which has been worked out at great 
length by Von Otto Boeckler in ‘Linnea,’ is Cyperaceze. But as his writings extend 
oyer no less than seven volumes of that journal, it is an awkward work to use, let 
alone that his arrangement and Hmitation of the species is not always easy to 
understand. 

In Graminew, botany has received a great blow in the unfortunate death of 
General Munro, who, had life been spared to him for a few years longer, would doubt- 
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less have given to the world one of the most satisfactory accounts of that large and 
difficult order which has ever appeared. But now, unfortunately, all idea of 
speedily seeing a monograph of the species of Graminez must be given up, although, 
as far as the genera go, we shall soon have Munro’s labours presented to us by Mr. 
Bentham, together with his own, in the forthcoming part of the ‘Genera Plantarum.’ 

Mr. Baker still continues his researches on the Liliaceze and Iridacez, publishine 
from time to time monographs of the species of varicus genera belonging to those 
orders. Both of these orders present many difficulties in the way of those who 
attempt to arrange and describe the species, partly on account of the general suc- 
culency of the plants, and partly because many of the more important characters 
are to be found only in those portions of the plant which frequently grow under 
eround; such as the corn of crocus, or the rhizome of iris, and which are often 
absent from herbarium specimens. And, again, owing to the beauty of their 
flowers, they have always been great favourites with horticulturists, who haye split 
up the species and multiplied the names to an inordinate extent. 

The largest order among the monocotyledons (the grasses not excepted, accord- 
ing to Mr. Bentham) is orchidaceze, the species of which are still being carefully 
described and figured chiefly by Professor Reichenbach ; but in so many different 
places that, to a great extent, his most valuable labours are not rendered as 
available as they ought to be. A single work combining all Professor Reichenbach’s 
own researches with those of others, and forming a sort of second ‘Genera et 
Species Orchidearum,’ would leave nothing further for the botanist to desire. 

One other monograph which I must mention is that of ‘Cyrtandrez,’ by Mr. C. 
B. Clarke, This, which is nearly ready for the press, will include a description of 
the characters and geographical distribution of all the species of that most difficult 
and hitherto but little known order. 


5. Floras of separate countries or districts, 


It is under this head that we have had the greatest amount of activity shown. 

The conditions, which at present obtain, are particularly favourable for the 
compilation of floras, when compared with what they were twenty or thirty years 
ago. In those days working botanists were few ; now there are many enthusiastic 
and excellent ones resident in all parts of the world, and who are not only able 
but willing and eager to assist in any undertaking which may tend to perfect our 
knowledge of the plants of their particular country. Consequently, not only is 
the material which is sent home much greater than it used to be, but it is accom- 
panied by valuable information, such as could be given only by experts living in 
the districts where the plants grew. 

I proceed now to enumerate the more important floras which have either made 
their appearance or have been completed within the last eight years. 

1. First and foremost I have to make mention of those floras, which are being 
published under the authority of our colonial Governments ; and among these there 
stands out most prominently of all ‘The Flora Australiensis’ by Mr. Bentham, 
assisted by Baron Ferdinand von Mueller of Melbourne. This work, the first 
volume of which was issued in the year 1865, was completed with the publication 
of the seventh and last volume in 1878. These seven volumes describe all the species 
of Phanerogams and Vascular Cryptogams, which are known to grow in Australia 
and Tasmania. The description of the species is sufliciently detailed without being 
cumbersomely long, and the affinities of any, when doubtful, are always com- 
mented upon; and useful suggestions made for their more accurate determination, 
by those who may hereafter have better opportunity for their study. 

The information respecting the distribution of each species is also very full. 
For the sake of convenience the country has been divided into areas, corresponding 
to the territories of the different colonies, viz, Queensland, New South Wales, 
Victoria, Tasmania, South Australia, and West Australia; and as a species is 
known to grow in one or more of these areas so it is indicated; and not only this, 
but mention is also made of the particular place or places in the colony in which it 
has been found, So that while we have a flora which describes all the plants of 
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this immense island, the colonists have, for all practical purposes, no less than six 
local floras. Again, in addition to this, when the species is not confined to 
Australia, its distribution over other parts of the world is given. 

2. Next in importance to the ‘ Flora Australiensis,’ and what when finished will 
be of even greater magnitude, comes the ‘Flora of British India’ by Sir Joseph 
Hooker, This work was begun in the year 1872, and was continued with the 
assistance of various botanists to the end of Myrtacese. Since then—and the 
world will have no reason to complain of the change—it has been carried on by Sir 
Joseph Hooker and Mr, C. B. Clarke alone. It has now reached to the com- 
mencement of Vacciniewe, and more parts may be shortly expected, which will 
carry the work forward to the end of Monopetale. 

The ‘Flora of British India’ takes in the whole of that country which lies 
between the southern slopes of the Himalayas and Ceylon. Besides this it includes 
the British portion of the Malayan peninsula, and the islands which lie between 
that country and India proper. Thus it will form the connecting link between 
Western Asia on the one hand, which is being described by M. Boisseau in his 
‘ Flora Orientalis, and on the other with the floras of Sumatra and Java, which 
have been so carefully elaborated by Blume, Miquel, and others. 

Many portions of the vast tract covered by these and other authors, such as 
Borneo and New Guinea, can hardly yet be said to have been properly explored, 
and therefore, many new genera and species may be yet expected to occur; still 
it is not likely that the additions will comprise more than a small proportion of 
what is already known. 

It is computed that when the ‘ Flora of British India’ is completed, it will contain 
descriptions of some twelve to fourteen thousand species of phanerogams and ferns. 

In some respects the difficulties attending the elaboration of the Indian flora 
are greater than in the case of any other country. In the first place, the climate of 
a large portion of the land is so humid, that the satisfactory preservation of speci- 
mens by drying is almost impossible. The consequence of this bas been that a great 
deal of the material, placed at the disposal of authors, has often been very de- 
fective. In the second place, the literary difficulties are unusually great ; for India, 
through haying been so long known to Europeans, has been more or less explored 
by botanists, who for the last hundred and fifty years have been writing with yery 
commendable diligence, but varying ability, descriptions of all the plants they met 
with. These writings are very numerous, and by themselves form a library of no 
small dimensions. But all have to be searched out, and their contents, often very 
misleading, carefully digested. 

3. In Mr. J. G. Baker's ‘ Flora of the Mauritius and the Seychelles’ we have 
another of the colonial floras of much worth and exactness ; and one which, with 
Professor B. Balfour’s researches into the vegetation of the island of Socotra, helps. 
to bridge over the gap between the South Asiatic and Kastern African floras, From 
Mr. Baker’s pen we may hope to have also before long a Flora of Madagascar. 

4, The ‘ Flora of Tropical Africa,’ by Professor Oliver, was begun in the year 
1868, and continued, with the assistance of other botanists, to the end of the third 
volume, which was published in 1877, by which the work has been brought down 
to the end of ‘ Ebenacez.’ Since then for various causes it has been at a standstill. 
But we may be permitted to hope that ere long it will again be resumed ; for the 
collection into one book of all the species which are known to grow within the 
tropics of Africa would be extremely convenient, as the number of writers on 
African botany, if not as great as those on India, is still sufficiently great to make 
the identification of specimens a matter of very considerable labour. No doubt, 
when finished, the ‘ Flora of Tropical Africa’ will not approach to anything like the 
completeness of the other floras which I have mentioned, for of al! parts of the 
world Central Africa has up to the last few years been hidden in obscurity, and the 
number of species, which were known when the first volume was issued, probably 
did not exceed the number of those which had still to be discovered. 

5. I may mention the ‘ Flora Capensis,’ by the late Dr. Harvey and Dr. Sonder 
(although it neither was begun nor has been continued during the last eight years), 
if only to point out that if completed the flora of the whole of Africa south of the 
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tropics would then have been described. At present it has been carried as far as 
Campanulaceze. 

Turning from our colonial floras, we have a work of very great importance, to 
which I have already made allusion ; I mean the ‘ Flora Orientalis,’ by M. Edmond 
Boissier. Since 1874 two more volumes (viz. the third and fourth) have made their 
appearance, bringing the description of the species down to the end of ‘Apetale.’ 
This work, roug ohily Speaking, includes all that tract of land which lies between the 
northern tropic ‘and the forty-fifth parallel, and between the twentieth and seyentietin 
degrees of longitude. It takes in the following countries:—Greece, Turkey, Upper 
Evy pt, Northern Arabia, Syria, Asia Minor, Caucasia, Persia, Afghanistan, Belooch- 
istan, and the greater portion of Turkestan ; and, as I have pointed out before, its 
boundaries on the east are in the greater portion of their extent identical with the 
western boundaries of the Flora of British India. 

6. Coming to Europe we have had a most valuable contribution towards the 
future writing of a flora of the whole continent in C. ’. Nyman’s ‘ Conspectus Flore 
Europese,’ the third part of which was published last year, and completed the 
Dicotyledons and Gymnosperms. Although the Conspectus gives no descriptions, 
the chaotic mass of synonyms, with which many of our European floras abound, 
has been carefully investigated; and the distribution of each species over the 
continent has been minutely recorded. So that the conversion of the conspectus 
into a flora would not entail any very large amount of labour. Indeed, may we 
not hope that seeing with what universal approbation the conspectus has met with, 
Dr. Nyman may be induced to enter upon the conversion himself? Such a flora 
has never existed. The nearest approach to such a one was Mr, Wood’s ‘ Tourist’s 
Flora.’ But this took in a portion only of Europe, and was in many other respects 
an unsatisfactory production. 

7. Among the smaller territorial floras which haye appeared, I may mention 
the ‘ Compendio della Flora Italiana,’ by Giovanni Arcangeli, which gives a complete 
account of the Phanerogams and Vascular Cryptogams of the Italian Peninsula. 

8. In North America we have several works of note to remark upon. First, 
we have had a volume containing the botany of that portion of California which is 
now included among the United States; the Polypetalee of which are from the 
pens of W. H. Brewer and Sereno Watson, and the Gamopetale from that of 
Professor Asa Gray. 

From Professor Asa Gray we have also the first part of the second volume of a 
work entitled, ‘Synoptical Flora of North America.’ It is intended that this shall 

take the place of the ‘ Flora of North America, by Torrey and Gray, but which was 

stopped thirty-five years ago at the end of the order of Composite. The present 
work begins where the old flora left off, and concludes the description of all the 
Gamopetale after Composite. The remaining parts of Vol. II. will include the 
Apetalee, Gymnospermee, Monocotyledons and ‘Vascular Cryptogamia. It is then 
intended to rewrite the old flora, adding the new material, which has come in siuce 
its date, and to issue the new production as Vol. I. of the ‘Synoptical Flora.’ 

These two volumes will describe the plants which grow in that part of North 
America which includes Canada and the United States, together with their 
adjoining islands, Greenland excepted. The number of species to be described 
from this vast and varied tract of country will probably not fall far short of 12,000. 

9. Joiming on to this we have the ‘ Botany of the Biologia Centralis Americani,’ 
by Mr. W. B. Hemsley. Two large volumes are already published, while the third 
and last one is rapidly progressing. Mr. Hemsley’s Flora will include some 15,000 
species, which grow south of the United States, and north of Panama. These two 
floras with that of Professor Grisebach’s ‘ Flora of the West Indian Islands,’ will 
include all that is known of North and Central America with their adjacent 
islands. 

10. In South America, Martius’ magnificent ‘Flora of Brazil’ has been advanced 
by various authors, who have monographed orders or portions of orders. The 
length of time over which this vast work has been spread will render a 1iew edition 
necessary, on account of the earlier volumes having become antiquated. When 
any such edition is brought out, it is to be hoped that it may partake more of the 
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nature of one of our colonial floras than of its present form, for the cost of the 
present superb work is such as to place it beyond the means of any but the most 
wealthy. The plates too, which add so largely to the cost of the present work, 
would not be needed. 

11. Leaving the ‘ Flora of Brazil’ by von Martius, and turning to the western side 
of the South American continent, we have from the pen of Fr. Philippi an 
extremely valuable catalogue of all the plants which are known to grow in Chili, 
together with a revision of their synonyms and a statement concerning the geo- 
graphical range of each species, This catalogue, like Nyman’s ‘ Conspectus Flore 
Europe,’ will render the writing of a future flora of Chili a comparatively easy 
task. Such a flora is greatly needed, for not only is Gay’s out of print and yery 
scarce, but it has also become antiquated. 

These, I think, are the chief floras, or special aids to new floras, which have 
appeared during the last eight years, and I pass on now to the sixth and last head. 


6. Detached and miscellaneous specific descriptions. 


It would be impossible for me to enumerate even the titles of all the papers that 
have been written on systematic botany in the different transactions and journals of 
the yarious learned societies, and I shall therefore content myself with mentioning 
some few of those which I consider most interesting. 

First : In the ‘ Transactions of the Linnzean Society, Mr. Bentham, in his revision 
of the sub-order Mimosez, has given us another of those heautifully complete 
reviews of a most difficult group of plants, for which he is so celebrated. Like all 
his works of this kind, he presents us not only with descriptions of all the genera 
and species, but he also contrasts the characters on which the former are founded, 
in such a way as to leave those who study his works perfectly clear as to the 
principles by which he has been guided in arriving at a determination as to what 
shall be sufficient or insufficient for the formation of his genera and sub-genera. 
Under each species he has ‘also given us a complete account of its geographical 
distribution; and he has added extensive lists of all the numbers, which have been 
distributed with the dried specimens of the better known collectors. This last 
addition is, for those who have the arrangement of herbaria to superintend, of very 
great value, for it not unfrequently happens that a specimen which may exhibit 
many useful and important points, may also just be wanting in some particular 
character, without which its right genus or species cannot be determined. The 
quotation of the number overcomes the difficulty, and thus makes the partially 
imperfect specimen of very considerable service. In another volume of the same 
Transactions, Professor Oliver and Colonel Grant have given us an account of all 
the species which formed the collection made by the latter gentleman, on his 
celebrated expedition with Captain Speke, through that portion of Central Africa 
which lies between Gondokoro, Victoria N’yanza, and Zanzibar. This account is 
accompanied by 136 plates, containing the portraits of about 140 new or in- 
teresting species which had not been previously figured. This is without doubt 
the most extensive addition to our knowledge of the flora of Tropical Africa which 
has been made for many years, and which, with Professor Schweinfurth’s labours, 
has done more than any other work to give us an insight into the vegetable riches 
which are yet in store for us in Central Africa. 

I may mention also the following papers of considerable interest which have 
been printed in the Linnean Society’s Transactions :—1. A report, by Mr. J. G. 
Baker, on some new monocotyledonous plants, from Welwitsch’s ‘Angolan Her- 
barium.’ 2. A review of the ferns of Northern India, by Mr. C. B. Clarke. 

Turning from the ‘ Transactions’ to the ‘ Journal of the Linnzean Society, we have 
several excellent papers, by Mr. Baker, on many of the genera belonging to the 
natural order Liliacez. We have also from the same botanist an enumeration of 
all the known species of Iridace, together with descriptions of such as have not 
hitherto heen described. In the sixteenth volume of the same journal we have a 
long and most useful paper by Mr. Ball, entitled Spicilegiuen Flore Maroccane, in 
which all the plants known to grow in the territory of Morocco kaye been carefully 
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catalogued. Amongst these are many species formerly unknown to science, of 
which descriptions, and in many cases plates, have been given. The Spicilegium, 
as most botanists here know, was the result of an adventurous raid made by Mr. 
Ball into the region of the Atlas country, in company with Sir Joseph Hooker and 
Mr. George Maw, in the early part of the year 1871. 

Dr. Aitchison, surgeon-major in the Bengal Army, in a long paper, with thirty 
plates, containing the portraits of as many new species, gives us the result of his 
researches into the botany of the Curam Valley and its neighbourhood, during his 
march with the army under Gencral Roberts to Cabool—a very interesting paper, 
when taken in reference to the boundaries of the two great works which treat of 
Southern Asiatic botany—viz. Hooker's ‘Flora of British India’ and Boissier’s 
‘ Flora Orientalis.’ 

In addition to these papers on descriptive botany, Mr. Bentham has given us 
several, which he has called notes, on the larger and more complicated natural 
orders, which he has worked up for the ‘Genera Plantarum.’ They are— 

1. Notes on the Gamopetalous Orders belonging to the Campanulaceous and 
Oleaceous Group, 

2. Notes on Orchidacee. 

3. Notes on Cyperacer. 

4. Notes on Graminez. 

These notes, however, like those on Myrtacex and Compositi, are philosophical 
treatises, in which he lays down the principles by which he has been governed in 
determining what characters shall be taken into consideration for limiting the tribes, 
sub-tribes, and genera, 

Secondly: In the botanical part of the ‘ Annales des Sciences Naturelles,’ although 
there are many papers of much excellence on the lower forms of vegetable life, 
there are few on the phanerogamia and higher cryptogams. On the mosses, 
however, there are several papers of very considerable interest by M. Emile Besch- 
erelle, who has described a large number of new species from the French Antilles, 
and from the Reunion Islands. In the ‘ Botanische Zeitung’ and ‘ Linnea’ there 
are also many papers describing new species of mosses from various extra-European 
countries by Dr. Carl Mueller, Professor 8. O. Lindberg, Geheeb, and the late 
Kirnest Hampe. Besides being indebted to these authors fur their contributions to 
bryology, we have to thank M. Husnot for continving his very unpretentious but 
useful periodical, the ‘Revue Bryologique.’ Dr. Braithwaite’s work on the British 
mosses continues to make progress, but it will not render the publication of a 
new edition of ‘ Wilson’s Bryologia Britannica’ the less desirable. 

Perhaps there are few more striking examples of the rapid strides which 
civilisation has made of late years in the more distant parts of the world, than the 
publication of the ‘Scientist's Directory.’ In this stout volume are recorded the 
many hundred names and addresses of all who are interested in the various branches 
of natural science, and who are desirous of collecting specimens of the natural 
history of the country in which they are residing, and of exchanging them for 
those of other countries, The arrangement of the directory is partly geographical 
and partly alphabetical, and the combination of these two arrangements makes its 
consultation very easy, For botanists who wish to study some particular group of 
plants, or the flora of some particular district, the ‘Scientist’s Directory’ will be 
indispensable ; as by its help he will be able to find out at once to whom ke may 
address himself, with the greatest amount of probability of obtaining the material 
or information which he may want. 

It would not be fitting for one in the year 1882, who is pretending to give an 
account of the progress of systematic botany, to omit all mention of that wonderful 
gallery of paintings which has just been presented to the Royal Gardens at Kew 
by Miss North. This gallery—the descriptive catalogue of which by Mr. Hemsley 
has already reached a second edition—contains the most exquisite sketches of the 
more strikingly beautiful features of the vegetation which exists in all the four 
quarters of the globe. All the paintings are from the brush of Miss North herself, 
and whether regarded as accurate representations of the plants which they profess 
to portray, or as objects of art, they are equally worthy of our admiration, 
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The following Reports and Fapers were read :— 


1. Second Report of the Committee for the Investigation of the Natural 
History of Timor-laut.—See Reports, p. 275. 


2. Report of the Committee for the Investigation of the Natural History of 
Socotra and the adjacent Highlands of Arabia and Somali Land.—See 
Reports, p. 281. 


3. Report on the Record of Zoological Literature. 


4, On the Brown Colouration of the Southampton Water. By A. ANGELL, 
; Ph.D., F.C.S. 


The author showed that the peculiar colour of the Southampton estuarine water, 
which turns to a rusty brown tint in the summer of each year, is due solely to the 
presence of a small ciliated organism, Peredinium fuscum, which is classified by the 
best authorities amongst the ciliated protozoa, or microscopic animals, This posi- 
tion is generally accepted, but the author, seeing that they evolve oxygen, contain 
chlorophyl (plant colour-matter), have no mouth or opening of any kind, never con- 
tain forcign bodies, have cellulose walls, and, after death, give off an odour of 
decaying sea-weed, is of opinion that they are more plants than animals. He 
further sought to show that their presence is due to the large amount of sewage 
thrown into the river at and about Southampton. The seaward margin of the 
river water is distinctly mapped out by the brown colour, and the author noticed 
that this never leaves the estuarine basin, and pointed out that a measurement of 
the oscillations of this line provides a true index of the tidal motions, and shows 
that the water in the river is but very slowly, if at all, changed by the rise and fall 
of the tides. He showed it was an error to suppose that in tidal rivers and land- 
locked estuaries a fresh supply of water is given at every tide, and that, as a matter 
of fact, the time needed in which a single change in such waters as Southampton 
water will take place is dependent more upon the small flow of fresh water and 
surface eyaporation than upon tidal influences. It is not, therefore, safe to pollute 
tidal waters with sewage; the impression that the filth goes out to sea with the 
tide is utterly false. Our peculiar brown colour gives us an indication by which we 
can learn that practically a change of the water of the Southampton Water, and 
therefore of all other similarly situated tidal river-mouths and land-locked estuarine 
basins, is but very slowly, if ever, effected by the tides. Enough filth, he said, is 
poured into the river to make it in hot weather a stinking abomination; but, in 
accordance with nature’s provisions against such unnatural proceedings, a vast army 
of minute organisms is set to werk, and the water is kept tolerably sweet. If it can 
be shown that this creature, which is barely visible to the naked eye, performs 
the chief function of plants—liberates oxygen—and is at the same time an animal 
and therefore carries on direct nitrification, it is indeed most wonderfully adapted, 
by this double set of powers, to keep our sewage-polluted waters as sweet as is 
possible. Notwithstanding the unsightly colour of Peridintwm fuscum, we cannot 
afford to do without it in our river. When the day comes that the authorities of 
~ Southampton see fit to keep out the sewage now flowing into its waters so as to 
free them from such pollution, the Peridinium fuscum, no longer needed in such 
vast quantities, will retire into its normal position—become less obtrusive, and leave 
the water a pure translucent green, NW 


5. On the Distribution and Dates of Spring Migrants in Yorkshire, compared 
with West of England and Ireland. By T. Lisvxr. 


Not including very rare species which occasionally reach Britain, we may say 
of the Sylviidee, Yorkshire is visited by all except the locally-distributed species 
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like the Dartford warbler (and the nest and eggs of this are reported by 
Mr. Dixon, late of Sheffield, in the Rivelin Valley). 

The tabulated list appended gives names, dates, and comparative occurrence of 
migrants in Yorkshire. We need not particularise them further than to make a 
few comparisons with other parts of the kingdom. The author was struck, during 
the visits of the’ British Association to the south-west of England and Ireland, by 
personal observation and conversation with authorities like the Rev. G. Robinson, 
a writer on the ornithology of North Ireland, and Mr. J. J. Watters of Dublin, 
author of ¢ Birds of Ireland,’ with the common occurrence of some of our migrants 
and the scarcity or absence of others. 


Tabulated List of Spring Migrants. 


Average de- 
parture for 
10 years. 


Relative 
occurrence. 


Average for 
1872. 1881. 10 years, 


Cuckoo (Cuculus canorus) | March 19} April 14 | April14 | Aug. 25 | very common 

2nddate . . April 2 
seven (Zirunde Tape March 19} April 11 | April10 | Oct. 15 | numerous 
2nd date . .| April 1 


Chiff-chaff (Sylvia rufa) | March 27 | March 18} April 2 Oct. 4 | common 
g : - ahh. a Leal : é Silocally com- 
and martin (H. riparia) | April 9 | April13 | April 9 Sep. 20 


x 5 mon 
Lissa Cemigalg Cen April 9 | March 25 | March 29| Sep. 30 | common 
Willow-warbler (8. tro- ce aatie , * 
chilus) April 11 | April il | April 10 Sep. 26 | abundant 


Whinchat (S. rubetiw) 

Redstart ( Ruticilla phe- 
NUCUIUS ) 

Ray’s wagtail (Motacilla |, 


April 11 | April 23 | April 20 | Sep..22 | numerous 
April 16 | April 13 | April 14 | Sep. 20 | common 


aS i ] 


April 16 | April 11 | April 13 | Sep. 14 | common 


Rayir) JS 
Tree-pipit (Anthus ar-\ Bias * Re CoA { 
boreus) J April 17 |} April11 | April 15 | Sep. 22 | very common 


Whitethroat (S. cinerea) | April17 | April 15 | April 25 | Sep. 27 | numerous 
Land-rail (Crex pratensis) | April 19 | April 28 | April 10 Oct. 5 | numerous 
Grasshopper-warbler (S. ) : 

12 


19 : rays 3 
locustella) if) See 22 Ape TG fpr 90 hie. common 


Martin (ZZ. wrbieca) April 23 | April 16 | April 14 | Oct. common 
Sedge-warbler(Salicaria \| 413195 | April 27 | April 24 | Aug. 31 | numerous 
phragmitis) 


Blackcap (S. atracapil/a) | April 27 | April 18 | April 22 | Oct. 10 | common 
Lesser whitethroat (S. 


curruca) April 28 | May 2 May 4 | Sep. 15 | common 
Nightingale (Philomela May1 | Aprii2s | Mays | July 27 [moderately 


luscinia) 


Spotted or grey flycatch- , ee ve 
er (Museicapa grisola) May 1 April 30 | May 14 Sep. 2. | common 


occurring 


Pied flycatcher (M. atra- - nae 2 Slocally com- 
capilla) \ May 1 | April18 } April 22 Sep. 1 | mon 

srt i CN de May 3 May 5 May 6 Sep. 10 | common 

oe arblen ts — May 3 | April27 | May 3 Sep. 18 | common 

Night-jar (Caprimulqus | i : flocally com- 
Bune peus) f May 3 May 21 |. May 18 | Aug. 30 chor 

Swift (Cypselus apus). .| May 13 | May 3 Wey 8.24 nears locally com- 

YL 7 iy y g 


mon 
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In Ireland the wheatear, chiff-chaff, cuckoo, willow-warbler, and land-rail were 
reported as common; the ring-ousel, sand-piper, sedge-warbler, and spotted fly- 
catcher occur locally; the garden-warbler very scarce; the black-cap two or three 
occurrences ; the whinchat scarce, the redstart, Ray’s wagtail, grasshopper- 
warbler, rarely noted, while the nightingale, tree-pipit, lesser-whitethroat, pied 

ycatcher, and wood-warbler were not recorded in Ireland. The swallow tribes 
were numerous there. 

All the migrants in my list are found in the southern, and in most of the 
eastern and western counties of England. The pied flyeatcher is exceptionally 
rare ; it is recorded by Sterland and Whittaker in Notts, but rare ; one in Derby- 
shire, one Leicestershire, one Kent, one Cornwall, a few in Dorset, Sussex, 
and Norfolk. In this part of Yorkshire, of which Barnsley is the centre, it is 
found at Wharnclitfe, Cannon Hall, and Wentworth Castle parks; in Wharfdale, 
Westmoreland, a few in North Yorkshire, rare about York. The nightingale, one 
of the migrants not found in Treland, rarely crosses the Welsh border, or those of 
Devon and Cornwall. It occurs on all sides of Barnsley yearly, about Wakefield, 
Leeds, Pontefract more rarely, and, according to Mr. J. Backhouse, specimens have 
occasionally occurred near York. The grasshopper-warbler, scarce in some districts, 
may be found pretty numerous in our South Yorkshire woods and hedgerows, 
rich in the families of our spring warblers. 

An earlier date of cuckoo, seen and heard at Melton-on-the-Hill, March 12, 
was reported: 'we had no opportunity to test the statement. The cuckoo and 
swallow seen by T. Dymond, Isq., and others at Burntwood Hall, March 19, we 
can rely upon. We have never known them before in this district in March. 
There have been singular contrasts this season to former years. The two white- 
throats, grasshopper-warbler, night-jar, spotted flycatcher, and whinchat were 
seven or ten days before their average time; the wheatear, land-rail, pied 
flycatcher and martin (as reported in this part), are about a week behind their 
time. The spring migrants, as noted in our local excursions, and with some of 
the ‘ Yorkshire Naturalist Union’s’ rambles this season, have been observed in 
considerable numbers. The well-wooded tracts of South and West Yorkshire, 
diversified with cultivated lands, streams, and moorland hills, form fayourable 
haunts for our summer warblers. Other migrants, as ring-ousels, on owr moors; 
reed-warblers among marshes and reedy pools; sand-pipers, by moorland streams; 
and white wagtails scarce, have not had data regularly recorded. 


SATURDAY, AUGUST 26, 


The Department did not meet. 


MONDAY, AUGUST 238, 


1. Report of the Committee for arranging for the occupation of a Table at 
the Zoological Station at Nauples—See Reports, p. 288. 


2. Report of the Committee for aiding in the maintenance of the Scottish 
Zoological Station.—See Reports, p. 282. 


3. Report on the Migration of Birds.—See Reports, p. 283. 
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4, The injurious Parasites of Egypt in relation to Water-Drinking. 
By Dr. Cosson, F.R.S. 


The author stated that the most dangerous parasites were Bilharzia hematobia 
and Anchylostoma duodenale. To avoid infection by the larve the following rules 
were recommended :— : 

1. To select for drinking purposes, whenever procurable, either deep well water, 
or water from a spring collected at or near its source. 

2. To avoid the use of stagnant water of any kind, especially that procured from 
tanks or shallow pools. 

3. If the only water available for drinking purposes has been obtained from a 
doubtful source, it must either be thoroughly filtered or boiled: merely straining 
through muslin or other of the coarser kinds of filter is useless. On excursions or 
shooting expeditions a pocket filter must be carried. 

4, Avoid partaking of all salads made with vegetables grown either in market 
gardens or in open situations frequented by natives of uncleanly habits. Lettuces, 
water-cresses, and other uncooked vegetables, even when they are known to have 
been cultivated in favourable situations, require to be carefully washed with clean 
water before use. Only spring water, well water, filtered water, boiled water, and 
distilled water can be pronounced as absolutely safe; springs near human habita- 
tions are liable to become contaminated.' 


On a new Principle affecting the systematic Distribution of the Tor- 
pedinidx, and on the probable occurrence of the T. occidentalis (Storer) 
on the British Coast. By EH. pu Bois-Reymonn, F.R.S., Professor of 
Physiology in the University of Berlin. 

Professor Gustavus Fritsch, who is at the head of the biological department of 
my physiological laboratory, is engaged in a series of researches on electric fishes, 
which he has pursued, since last autumn, in Egypt, Asia Minor, and on the shores 
of the Mediterranean, at the cost of the Humboldt Foundation for Natural Science 
and Travels, dependent on the Berlin Academy of Sciences. Among Professox 
Fritsch’s results there is one which, highly remarkable in itself, seems to me 
particularly calculated to interest British zoologists, and I therefore venture to ay 
before the Section a brief abstract of this part of his work. 

The researches of Professor Babuchin of Moscow, on the development of the 
electric organs of the torpedo, have established beyond a doubt that these organs 
are formed by the metamorphosis of striated muscle, and that, once formed, they 
increase in size only by the growth of the columns or prisms of which they consist, 
and of the transverse septa of these columns, never by the formation of new 
columns and septa, or of new electric elements. Setting aside individual variation 
the number of columns, therefore, is the same in young and in adult specimens. 

The latter fact had already been stated, many years ago, by delle Chiaie of 
Naples, and he had arrived at the same conclusion as Professor Babuchin. Later 
on, the preformation of electric elements was impugned by Professor Valentin ; 
but Rudolph Wagner, with the assistance of Professor Leuckart, then one of his 
pupils, proved delle Chiaie’s statement to be correct, for he found about the same 
number of columns in the foetus of torpedo and in the adult fish. As the law of 
the preformation of electric elements was first established by means of a census of 
the columns in young and adult specimens by delle Chiaie, and afterwards deduced 
from embryological facts, and, as it will be seen, generalised by Professor Babuchin, 
it appears proper to style it delle Chiaie’s and Babuchin’s law. 

Professor Babuchin, by embryological investigation, has shown the same law to 
apply to the imperfect electric organs of the common ray, only that these organs 
are formed of striated muscle which in its development has reached maturity, 
whilst the organs of torpedo are formed of muscle in an embryonic state. 


' Full reports of this paper are given in ature, September 14, and in the British 
Medical Journal, September 16, 1882. 
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In spite of Professor Babuchin’s and of Dr. Sachs’ exertions, the development 
of Malopterurus and of Gymnotus unfortunately is still wrapped in mystery. Pro- 
fessor Babuchin, however, confidently extends his law to Malopterurus, as the size 
of Bilharz’ electric plates varies in proportion to the size of the fish. 

In my work on Gymnotus,! by combining the results of former observers with 
those of thé lamented Dr, Sachs, I have proved the number of columns to be the 
same in large and in small specimens, again taking into account individual yaria- 
tion. Professor Fritsch has confirmed this statement by a new and careful census 
of the columns in several specimens widely differing in size.” 

It is not my intention on this occasion to enter upon the many important 
inferences which may be drawn from delle Chiaie’s and Babuchin’s law. This law, 
indeed, has become a leading fact in the physiology as well as in the embryology 
of the electric organs. For instance, an obvious conclusion from it is the following. 
The number of electric plates remaining the same, and their thickness only increasing 
with the size of the fish, whilst the electromotive force of the discharge also increases, 
the difference of potential engendered by every plate is evidently proportionate to 
its thickness, Now, as the difference of potential does not depend upon the size of 
the bodies by whose reciprocal action it is produced, we are unavoidably led to 
conclude that in a thicker electric plate there is a repetition, and consequently a 
multiplication, of the difference of potential in proportion to its thickness. 

But my wish here is to direct the attention of the Section to the part which 
delle Chiaie’s and Babuchin’s law seems destined to play in the systematic distribu- 
tion of the Torpedinidee, According to it, the number of columns in the electric 
organs of a species of Torpedinide, is, from a certain stage of its development, a 
given one. This number may be the same, or nearly the same, in distinct species 
of Torpedinides. But if, in two specimens which do not otherwise show very marked 
specific characters, the number of columns differs more than the range of individual 
variation fairly permits, the specimens ought to be pronounced specifically distinct. 
In other words, the average number of columns ought, henceforward, to form part 
of the diagnosis of a species of Torpedinide. 

Hitherto this point has been entirely overlooked by zoologists. Elaborate papers 
were published on the system of the Torpedinide, in which the number of the 
columns is not even mentioned. The whole literature on torpedo from Hunter's 
time down to Professor Fritsch’s new researches, did not comprise more than six- 
teen enumerations of columns, on only fourteen specimens.? They were all of them 
made, as it was understood at the time, on common European species, 7’. marmo- 
rata, ocellata, Galvani, excepting one, by Professor Henle, on his Narcine (now 
Astrape) dipterygia, from the South Sea, This species offered the unusually small 
number of 130 columns, The other species yielded numbers from about 300 to 
about 500, excepting, however, one of two very large torpedines, of 4 ft, in 
length and 50 lbs. weight, which in 1773 were caught off Torbay, and examined 
by the illustrious John Hunter. He counted 1,182 columns in one of their organs. 
As he had counted 470 columns in one of the organs of an 18-inch specimen of 
the common torpedo, and as he took for granted that these huge torpedines were 
simply older individuals of the same species, he by this single observation was led 
to the erroneous conclusion that the columns increase, ‘not only in size but in 
number, during the growth of the animal, new ones forming perhaps every year on 
the exterior edge, as there they are much the smallest.’ This process, he adds, may 
be similar to the formation of new teeth in the human jaw, as it increases; and for 
more than sixty years this bold assumption of Hunter’s has reigned undisputed in 
all the text-books of zoology and physiology. 

Hunter, however, could not have chosen a less felicitous illustration. After a 
certain stage of development is over, new columns form as little in the electric 
organ of torpedo as new teeth in the human jaw. The true conclusion to be drawn 


? Dr. Carl Sachs’ Untersuchungen am Zitteraal, Gymnotus electricus, nach seinem 
Tode bearbeitet von BE. du Bois-Reymond. Mit zwei Abhandlungen von G. Fritsch. 
Leipzig, 1881, pp. 31, 32. 

2 L. c. pp. 361, 393. *P aes Da t0 le 

1882. QQ 
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from the enumerations of columns hitherto extant is that which J maintained in 
my book on Gymnotus, viz. that NV. dipterygia proves a good species also by the 
new test of the number of columns, whereby the value of this test is confirmed ; 
and that the two large specimens of Torbay belonged to another species than the 
common Kuropean Torpedinide. They may have ‘been, as I ventured to surmise, 
remnants of the 7. gigantea, whose relics, of about the same size as Huntev’s fish, 
occur in the Hocene strata of Monte Bolea, and show that even in those remote 
geological times Nature had solved the problem of building a most powerful 
electrical machine out of the common materials of the animal tissues. 

This conclusion has become the starting-point of Professor Fritsch’s researches 
on the system of Torpedinide, made at Alexandria, Suez, Smyrna, Naples, and 
Trieste. Michele Girardi, who ten years after Hunter published some observations 
on the electric organs of torpedo, stated that the number of columns is not always 
the same in both organs. But previous to Professor Fritsch nobody had even 
thought of inquiring whether the number of columns is the same in the dorsal and 
in the ventral surface of the organs. According to Professor Fritsch, the ventral 
surface offers the greater number, although the difference decreases with the 
accuracy of the method employed. 

Professor Fritsch, -by many careful enumerations, first confirmed delle Chiaie’s, 
Rudolph Wagner's, and Professor Leuckart’s statement regarding the equality of the 
numbers of columns yielded by small and by large specimens of the same species. 
He then ascertained that the number of columns in one organ of 7. marmorata and 
ocellata varies from 400 to 500; that 7. marmorata pr obably has, on the average, 
a few columns more than 7. ocellata’s and that the number of columns is much 
the same in 7. panthera, Ehrbg., from the Red Sea, and also in W. brasiliensis. 
A variety of T. marmorata occurs at Alexandri ia, Naples, and - Trieste, which 
Professor Fritsch calls annulata on account of dark, ring-shaped spots on its back 
and tail; this variety, which perhaps is identical with the ill-defined T. Nobiliana, 
Bonapar te, has a greater number of columns than the common 7. murmorata, viz. 
from 500 to 600. 

These results seemed more and more to confirm the view that Hunter’s large 
torpedines were a new species. On his way home Professor Fritsch visited the 
Zoological Museum at Vienna, hoping to meet there with a specimen of the fossil 
T. gigantea of Monte Bolea. In this expectation he was deceived, but the key to 
the enigma of Hunter’s big fish awaited him in another shape. 

The director of the museum, Professor Steindachner, told him that he had 
brought from America the two only specimens existing in Europe of a very remark- 
able species of torpedo, and they were still in his possession. This was the 7. 
occidentalis of David Humphreys Storer of Boston, which that distinguished 
ichthyologist described forty years ago, but which is not mentioned in otherwise 
very complete accounts of the tribe, and in Dr. Giinther’s Catalogue of the Fishes 
of the British Museum its name only is quoted in a footnote. At: certain periods 
large numbers of 7. occidentalis run ashore on the sandy beach of Cape Cod. It 
is by far the largest electric fish, as it attains a length of five feet and a weight 
of 200 pounds. The largest oymnoti of the Amazon are said by old Monteiro to 
attain forty pounds weight. Its electric stroke is formidable. Captain Nathaniel 
FE. Atwood of Provincetown, to whom science is indebted for the first notice of 
the fish, relates that several times he was ‘ thrown upon the ground by it as quick 
if he had been knocked down with an axe.’ 

I need not dwell here on other peculiarities of the 7. occidentalis, a detailed 
account of which is found in Storer’s papers. The most important specifie character 
of the new species, however, evaded Storer’s attention, and it fell to Professor 
Fritsch’s lot to detect it forty years later in the Vienna Museum. Professor 
Steindachner kindly permitted the skin to be removed from one of the organs of 
each of his fish, and Professor Fritsch found nearly the same number-of columns as 
Hunter in his large torpedo, viz. 1,037 columns in the better preserved specimen of 
the two, and also about 1,000 in the other. 

There can hardly be any doubt, after this, that Hunter’s fish were specimens of 
T. occidentalis, drifted, we may suppose, to the English coast by the Gulfstream. 


——————————— 
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Delle Chiaie’s and Babuchin’s law has thus proved the means of solving a zoological 
puzzle of a hundred years’ standing ; and surely this result may serve to recommend 
it to the attention of those interested in this subject. 

I haye been so fortunate as to meet with two more instances of the probable 
eapture of 7. occidentalis in the records of British natural history. The well-known 
naturalist, Colonel Montagu, who died in 1815, relates that a torpedo weighing 
about a hundred pounds, twice as heavy as Hunter's fish, was found dead on 
a turbot-hook off Tenby. Even the oldest fishermen did not know the creature, 
which proves the case to be a very rare one. In the year 1840, William Thompson, 
Vice-President of the Natural History Society of Belfast, saw in the Museum of 


_ the Dublin College of Surgeons the cast of a torpedo thirty-eight inches long and 


twenty-eight inches broad, which had been caught off Dublin in 1830. I know of 
no instance of a European torpedo approaching this size. The coincidence with 
Hunter’s observation was not perceived in either case, and I need hardly add that 
the columns were not numbered. : 

However rare the event may be, it is exceedingly improbable that these three 
cases—Hunter’s, Montagu’s, and William Thompson’s, separated from one another 
by an interval of about thirty years—should have been, and remain, the only ones 
of their kind. And now my aim, in bringing these facts before the Section will, I 
trust, be apparent. I venture to express a wish that those British zoologists in 
whose power it may be may issue instructions to the fishermen, more particularly 
on the south-western coast of Nngland, to the effect that if, in one of their expedi- 
tions, they should meet with a huge flat fish, similar to a ray, but of circular 
instead of rhombic shape, and endowed during life with a power of benumbing the 
hand that grasps it, they are requested to preserve such fish with the utmost care, 
and to forward it as speedily as possible to the nearest scientific station. It is 
needless to indicate the further course to be held. The specimen should be com- 
pared with Storer’s description of his 7’. occédentalis, and above all, the columns 
in its electric organs numbered according to the rules laid down by Professor 
Fritsch. f 

Since Henle’s paper on NV. dipterygia, this species has been detached from 
N. brasiliensis, and annexed to the genus Astrupe as A. capensis. In my Preliminary 
Report on Professor Fritsch’s Results, read betore the Berlin Academy,! I expressed 
an opinion that A. capensis would present a number of columns about as small. 
as A. dipterygia, and so it proved, a specimen which Professor Peters readily 
placed at Professor Fritsch’s disposal, showing only 146 columns. On the other 
hand, 7. californica, which bears a great resemblance to 7. occidentalis, has, like 
this species, nearly 1,000 columns. E 

The value of the new character of Torpedinide being thus fully established 
Professor Fritsch proceeded to test by it every species he could lay his hands upon, 
by taking the census of its columns. After haying gone over the specimens of the 
Berlin Museum, he came to London a few weeks ago, and owing to the extreme 
kindness of Professor Owen and Dr. Giinther, he was allowed to continue his work 
in the splendid collection of the British Museum. Of the results at which he 
arrived, I shall only mention one here, leaving the other for his own publication. 
A single glance at the unique and typical specimen of the 7’. hebetans, Lowe, from 
Madeira, enabled him to predict, from a certain conformity of habitus with 7. 
occidentalis and californica, that this species, although not quite ten inches long 
would present an equally large number of columns, and he eventually counted 
1,025 of them in one of the organs. 

He also saw in the Museum of the College of Surgeons a relic of one of 
Hunter's specimens, exhibiting the brain and the electrical nerves; but although in 
a wonderful state of preservation after so many years, this interesting preparation 
was of no use to him for his present purpose, as one of the organs had been 
entirely, and the other partially removed. 


1 Vorliufiger Bericht iiber die von Professor Gustav Fritsch in Aigypten und am 
Mittelmeer angestellten neuen Untersuchungen an elektrischen Fischen. Zweite 
Hiilfte. Sitzungsberichte der Kgl. Preuss, Akademie der Wissenschaften zu Berlin 
4, Mai 1882; St. xxiii. p. 489. ¢ 
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6. Preliminary Note on Cephalodiscus, a new form allied to Prof. Allman’s 
Rhabdopleura—dredged in H.M.S. ‘Challenger’! By Professor 
McIntosu, F'.R.S. 


This peculiar form was dredged at Station 311] (in the Strait of Magellan), and 
at first sight resembles a somewhat massive sea-weed, to which the canecium is 
allied in consistence, while the whole surface is hispid with long spinous processes 
of the same tissue. This cwnewcium is secreted by the minute inhabitants, which, 
though quite free, are closely allied in structure to Rhabdopleura, an opinion inde- 
pendently arrived at by Professors Allman and Busk, who kindly requested the 
author (who had lately received the specimens from Mr. Murray, Director of 
the Challenger Commission) to continue the description. 

The cenecium consists of thickish, semi-transparent, irregularly moulded 
branches, ranging from about 3 mm. to upwards of 5 mm. in diameter, and form- 
ing arborescent tufts, which apparently have been fixed to submarine bodies, such 
as stones, sponges, &c., both by the ends and sides. The whole is permeated by 
irregular canals and cavities, which open on the surface, often near the bases of the 
spines. In these cavities are found the free polypides, often in groups, and nume- 
rous large ova. 

Each adult has a somewhat bean-shaped body, with a pedicle posteriorly- 
continuous with the ventral surface, the whole measuring about 2mm. The an- 
terior end is rounded; indeed often very promiment from the contained ova, two of 
which are conspicuous. The ventral surface of this region bears two very large 
eyes. The body is bulbous posteriorly. In front of the mouth a great buccal dise 
overlaps the neighbouring parts, and is probably the chief agent in secreting the 
ccencecium. In front of it are twelve? long and richly pinnate, branchial, or tentacular 
organs, which arise from a base devoid of a web, and each of which has a peculiarly 
enlarged tip. Behind the mouth is a broad apron-like membranous lamella. The 
body-wall is formed of a thin hypodermic and an elastic layer, bounded by longi- 
tudinal fibres internally. The pedicle has the same dermal coverings as the body, 
and internally consists of strong longitudinal muscular fibres, continued from the 
ventral surface anteriorly. 

The mouth opens above the buccal shield, at the upper margin of the mem- 
branous lamella, and leads into a simple alimentary canal, which bends forward at 
the posterior end of the body, and proceeds along the dorsum, to terminate in the 
anus on the prominent anterior end of the body. The food which enters the mouth 
must pass between the great flattened shield, on the one hand, and the membranous 
post-oral lamella, on the other. 

Immediately above the eyes are the two greatly developed ova, and towards 
the middle of the body several smaller ova. These seem to arise from a spot nearly 


identical with the ‘remarkable organ’ in Pedicellina, and to be homologous with a_ 


double organ of similar nature in the embryo of Lovosoma. When discharged 
these ova are attached to the wall of the cavities of the canacitum by a process or 
pedicle of the hyaline investment. Their size is remarkable. 

In addition to the foregoing mode of propagation, very active budding takes 
place at the tip of the pedicle of the adult, the buds being found in all stages, from 
a minute rounded or clavate process up to a fairly formed specimen. Even in the 
earlier stages the buccal shield is conspicuous. The branchial or tentacular plumes 
first appear as globular papilla on the dorsum of the shield. Two or three buds 
occur on many specimens. This new form will open up interesting comparisons 
with Doliolum and others haying buds on processes. 

The occurrence of these large ova anteriorly, and the numerous buds on the tip 
of the pedicle posteriorly, bears out Professor Allman’s objection to Oscar Schmidt's 
view that the apparent buds in Loaosoma are really eggs detached from the ovary 
and developed on the body of the parent. 


‘ Published by permission of the Lords Commissioners of the Treasury. Published 
in extenso in Annals of Nat. Hist., November 1882. 
2 Hence the name of the species—dodecalophus. 
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/ 
Cephalodiscus, n.g. 


Cenecium, consisting of a massive irregularly-branched fucoid secretion, hispid 
with long spines of the same tissue, and honeycombed throughout by irregular 
apertures, channels, and spaces in which the separate and independent polypides 
occur. : ' 

Lophophore, richly plumose, with an enormous buccal shield and oral lamella, 
the mouth opening between them. Anus on the anterior dorsal prominence be- 
hind the plumes. Two very large eyes abutting on the ovaries. The homologue 
of the funiculus is short and quite free at the end, and, moreover, serves as the only 


site for the buds. 


7. On an Instructional System of Arrangement in Provincial Museums. 
By ¥. T. Mort, F.B.G.S. 


DEPARTMENT OF ANTHROPOLOGY. 


CHAIRMAN OF THE DEPARTMENT—Professor W. Boyp Dawxtys, M.A., F.R.S., 
F.S.A., F.G.S. (Vice-President of the Section). 


THURSDAY, AUGUST 24. 


The CHArRMAN delivered the following Address :— 


On the Present Phase of the Antiquity of Man. 


In taking the chair in this department of the biological section of the British 
Association, two courses lie open before me. I might give an address which 
should be a history of the progress of anthropology during the last year, or I might 
deyote myself to some special branch. The swilt development of our young and 
rapidly growing science, which embraces within its scope all that is known, not 
merely about man, but about his environment, in presert and past times, renders 
the first and more ambitious course peculiarly difficult to one, like myself, labouring 
under the pressure of many avocations. I am therefore driven to adopt the second 
and the easier, by choosing a subject with which I am familiar, and which appears 
to me to be appropriate in this place of meeting. I propose to place before you the 
present phase of the inquiry into the antiquity of man, and to point out what we 
know of the conditions of life—though our knowledge of them is imperfect and 
fragmentary—under which man has appeared in the Old and in the New Worlds, 
The rudely chipped implements left by the primeval hunters in the beds of gravel of 
Hampshire and Wiltshire, and along the shores of Southampton Water and else- 
where, are eloquent of the presence of man in this district at a time when there was 
no Southampton Water and the elephant and the reindeer wandered over the site of 
this busy mart for ships ; when the Isle of Wight was not an island and the River- 
drift hunter could walk across from Portsmouth to Cowes, with no obstacle ex- 
cepting that offered by the rivers and morasses. I propose to enter upon the 
labours of Prestwich, Evans, Stevens and Blackmore, Codrington, Read, Brown, 
and other investigators in this country, and to combine the results of their 
inquiries with those in other countries, and with some observations of my own 
which I was able to make in 1880, during my visit to the United States. 
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Tuer LIMITATION OF THE INQUIRY. 


The most striking feature in the study of the Tertiary period is the gradual 
and orderly succession of higher types of Mammalia, so well-defined and so orderly, 
that I have used it as a basis for the classification of the Tertiary period. We 
find the placental mammals becoming more and more specialised as we approach 
the frontier of history. The living orders appear in the Eocene, the living genera 
in the Meiocene, a few living species in the Pleiocene, and the rest in the Pleistocene, 


The characteristics of this evolution of livine forms may be summed up in the 
8 Mf P 


following table :— 


Definition of Tertiary Period by Placental Land Mammals. 


VI. Historic; in which the 
events are recorded in 


history 


We 
domestic animals and 
cultivated fruits appear 


V3 


cental mammals are 

more abundant than 

the extinct 
III. Pleiocene; in which liv- 
ing species of placen- 
tal mammals appear 
II. Meiocene; in whichthe 
alliance between living 
and placental mammals 
is more close than be- 
fore 


I. Eocene; in which the 
placental mammals 
now on earth were re- 
presented by allied 
forms belonging to ex- 
isting orders and fami- 
lies 


| 
Prehistoric; in which | 


Pleistocene; in which | 
living species of pla- | 


| Events included in history 


Man abundant; domestic 
animals, cultivated fruits, 
spinning, weaving, pot- 

| tery-making, mining, 
commerce ; the neolithic, 
bronze, and iron stages 
of culture 

Man appears ; Anthropide ; 
the palzolithic hunter ; 
living species abundant 


| 
| 


| Living species appear; apes, 
Simiad@, in Southern Eu- 
rope 


| Living genera appear; apes, 
Simiade, in Europe and 
North America 


Living orders and families 
appear ; lemurs (Lemuri- 
d@) in Europe and North 
America 


Founded on discove- 
ries, documents, re- 
fuse-heaps, caves, 
tombs 

Camps, habitations, 
tombs, refuse-heaps, 
surface accumula- 
tions, caves, alluvia, 
peat - bogs, subma- 
rine forests, raised 
beaches 

Refuse-heaps, contents 
of caves, river-depo- 
sits, submarine fo- 
rests, boulder-clay, 
moraines, marine 
sands, and shingle 

Fresh-water and ma- 
rine strata ; volcanic 
débris (Auvergne) 


Fresh-water and ma- 
rine strata ; voleanic 
débris (Auvergne) ; 
lignites 


Fresh-water and ma- 
rine strata; lignites 


The orders, families, genera, and species in the above table, when traced forward 
in time, fall into the shape of a genealogical tree, with its trunk hidden in the Secon- 
dary period, and its branchlets (the living species) passing upwards from the 
Pleiocene, a tree of life, with living Mammalia for its fruit and foliage. Were the 
extinct species taken into account, it would be seen that they fill up the intervals 
separating one living form from another, and that they too grow more and more 
like the living forms as they approach nearer to the present day. It must be re- 
membered that in the above definitions the fossil marsupials are purposely ignored 
because they began their specialisation in the Secondary period, and had arrived in 
the Eocene at the stage which is marked by the presence of a living genus—the 
opossum (Didelphys). 
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It will be seen, from the examination of the above table, that our inquiry 
into the antiquity of man is limited to the last four of the divisions. The most 
specialised of all animals cannot be looked for until the higher Mammalia by 
which he is now surrounded were alive. We cannot imagine him in the Eocene 
age, at a time when animal life was not sufficiently differentiated to present us with 
any living genera of placental mammals. Nor is there any probability of his 
having appeared on the earth in the Meiocene, because of the absence of higher 
placental mammals belonging to living species. It is most unlikely that man 
should have belonged to a fauna in which no other living species of mammal 
was present. He belongs to a more advanced stage of evolution than the mid- 
Meiocene of Thenay, as may be seen by a reference to the preceding table. Up to 
this time the evolution of the animal kingdom had advanced no farther than the 
Simiadee in the direction of man, and the apes then haunting the forests of Italy, 
France, and Germany represent the highest type of those on the earth, 

We may also look at the question from another point of view. If man were 
upon the earth in the Meiocene aze, it is incredible that he should not have become 
something else in the long lapse of ages, and during the changes in the conditions of 
life by which all the Meiocene land Mammalia have been so profoundly affected, 
that they have been either exterminated, or haye assumed new forms. It is im- 
possible to believe that man should have been an exception to the law of change, 
to which all the higher Mammalia haye been subjected since the Meiocene age. 

Nor in the succeeding Pleiocene age can we expect to find man upon the earth, 
because of the very few living species of placental mammals then alive. The 
evidence brought forward by Professor Capellini, in favour of Pleiocene man in 
Italy, seems both to me and to Dr. Evans unsatisfactory, and that advanced by 
Professor Whitney in support of the existence of Pleiocene man in North America, 
eannot in my opinion be maintained. It is not until we arrive at the succeeding 
stage, or the Pleistocene, when living species of Mammalia begin to abound, that 
we meet with indisputable traces of the presence of man on the earth. 


Tuer PLEISTOCENE PERIOD. 


As a preliminary to our inquiry we must first of all define whatis meant by the 
Pleistocene Period. It is the equivalent of the Quaternary of the French, and the 
Postpleiocene of the older works of Lyell, and it includes all the phenomena known 
in latitudes outside the Arctic Circle, where ice no longer is to be found, under the 
name of glacial and inter-glacial. It is characterised in Europe, as I have pointed 
out in my work on ‘Early Man in Britain,’ by the arrival of living species,; which 
may be conveniently divided into five groups, according to their present habitats. 
The first consists of those now found in the temperate zones of Europe, Asia, and 
North America. It includes the following animals :— 

Mole, musk shrew, common shrew, mouse, beaver, hare, pika, pouched marmot, 
water-vole, red field-vole, short-tailed field-vole, continental field-vole, lynx, 
wild cat, wolf, fox, marten, ermine, stoat, otter, brown bear, grisly bear, badger, 
horse, bison, urus, saiga antelope, stag, roe, fallow-deer, wild boar. 

The second consists of animals of arctic habit :— 

Russian vole, Norwegian lemming, arctic lemming, varying hare, musk sheep, 
reindeer, arctic fox, glutton. 

The third is composed of those which enjoy the cold climate of mountains :— 

The snowy vole, Alpine marmot, chamois, and ibex. 

These animals invaded Europe from Asia, and as the cold increased the tempe- 
rate group found their way into Southern Europe and Northern Africa, while the 
arctic division pushed as far south as the Alps and Pyrenees. , 

The fourth group of invading forms is represented by animals now only found in 
warm countries :— 

Porcupine, lion, panther, African lynx, Caffre cat, spotted hyena, striped hyena, 
and African elephant. 

This group of animals is found as far to the north as Yorkshire, and as far to the 
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west as Ireland. Among the southern animals, too, must be reckoned the hippo- 
potamus, which lived as far north as Britain in the Pleiocene age, and in the 
Pleistocene occurs in cayes and river-deposits, in intimate association with some 
arctic species, such as the remdeer. 

The fifth group is composed of extinct species, hitherto unknown in Europe 
in the Pleistocene age, such as— 

The straight-tusked elephant, mammoth, the pigmy elephants, woolly and small- 
nosed rhinoceroses, the Irish elk, pigmy hippopotamus, and the cave bear. 

The question as to which of these groups the River-drift man belongs must be 
deferred till we can take a survey of the evidence elsewhere. 

The early Pleistocene division is characterised by the presence of the temperate 
and southern species in Britain; the middle stage by the presence of the arctic, 
but not in full force; and the late Pleistocene by the abundance of arctic animals, 
not only in Britain, but on the Continent as far as the Alps and Pyrenees, and the 
lower valley of the Danube. 


Tue Earty PLetstocEnrs Forest AND MamMAts or East ANGLIA. 


The first view which we get of the Pleistocene Mammalia in this country is 
offered by the accumulations associated with the buried forest of East Anglia. It 
extends for more than 40 miles along the shores of Norfolk and Suffolk, from 
Cromer to Kessingland, passing into the cliff on the one hand and beneath the sea 
on the other. The forest was mainly composed of sombre Scotch firs and dark 
clustering yews, relieved in the summer by the lighter tinted foliage of the spruce 
and the oak, and in the winter by the silvery gleam of the birches, that clustered 
thickly with the alders in the marshes, and stood out from a dense undergrowth of 
sloes and hazels. Among the animals living in this forest of the North Sea were 
species which haunted the valleys of the Upper Seine at the time, such as the 
southern elephant, the Etruscan rhinoceros, the deer of the Carnutes, extinct 
horses, and the large extinct beaver. There were in addition the shaggy-maned 
mammoth, the straight-tusked elephant, and the big-nosed rhinoceros, The stag, 
the roe, the Irish elk, were in the glades, Sedgwick’s deer with its many-pointed 
antlers, the verticorn deer, and the gigantic urus. The undergrowth formed a 
covert for the wild boar, and for beasts of prey, many in species and formidable in 
numbers: the cave bear, the hugest of its kind, the sabre-toothed lion, the wolf, 
the fox, and the wolverine. Among the smaller animals were to be noted the musk 
shrew, the common shrew, and a vole. In the trees were squirrels, Underfoot 
the moles raised their hillocks of earth, and from between the lofty fronds of the 
king-fern beavers were to be seen building their lodges, and the hippopotamus 
as he emerged from the water and disappeared in the forest. Out of thirty species 
identified, no less than seventeen are living in some part of the world, and we have 
there obviously the stage in the evolution of mammalian life when the living species 
were becoming more abundant than the extinct. We may note, too, the absence of 
arctic animals in this fauna, more particularly of the reindeer. 

The presence of these animals in Norfolk and Suffolk implies that at this time 
Britain was united to the Continent, and the presence of fossil species found in 
France indicates a southern extension of land in the direction of the Straits of 
Dover. The forest covered a large portion of the area of the North Sea, and in all 
probability the Atlantic seaboard was then at the 100-fathom line of the west 
coast of Ireland. 

No traces of man have as yet been discovered in these deposits, although the 
large percentage of living species of higher Mammalia indicates that the geological 
clock had struck the hour when he may be looked for. 


THe APPEARANCE OF THE RivER-DRIFT HuntTER AT CRAYFORD AND ERiru, 


The living species in the forest-bed are to be looked upon as an advanced guard 
of a great migration of Asiatic and African species, finding their way into North- 
western Europe, over the plains of Russia, and over barriers of land connecting 
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Northern Africa with Spain by way of Gibraltar, and with Italy by way of Malta 
and Sicily. 

In ‘hs course of time other living species followed, and the extinct species 

. became more rare. In the deposits, for instance, of the ancient Thames, at Ilford 
and Grays Thurrock in Essex, and at Erith and Crayford in Kent, out of twenty- 
siX species, six only belong to extinct forms—the new-comers comprising the lion, 
wild cat, spotted hyena, and otter, the bison, and the musk sheep. A flint flake 
discovered by the Rev. Osmund Fisher, at Crayford, and a second discovered by 
Messrs. Cheadle and Woodward, at Erith, prove that man was present in the valley 
of the Thames at this time; while the more recent discoveries of Mr. Flaxman 
Spurrell indicate the very spots where the paleolithic hunter made his implements, 
and prove that he used implements of the River-drift type, so widely distributed 
over the surface of the earth. The arctic animals at this time were present, but 
not in full force, in Southern Britain, and the innumerable reindeer which charac- 
terise the later deposits of the Pleistocene age had not, so far as we know, taken 
possession of the valley of the Thames. 

To what stage in the Pleistocene period are we to refer these traces of the 
River-drift hunter? The only answer which I am able to give is that the associated 
animals are intermediate between the Forest-bed group and that which characterises 
the late Pleistocene division in the region extending from the Alps and the Pyre- 
nees as far north as Yorkshire. Nor am I able to form an opinion about their 
relation to the submergence of Middle or Northern Britain under the waves of the 
glacial sea. They are quite as likely to be pre- as post- glacial. 


THE RELATION OF THE RIVER-DRIFT HUNTER OF THE LATE PLEISTOCENE 
TO THE GLACIAL SUBMERGENCE. 


The rudely chipped implements of the River-drift hunter lie scattered through 
the late Pleistocene riyer deposits in Southern and Eastern England in enormous 
abundance, and as a rule in association with the remains of animals of arctic and of 
warm habit, as well as some or other of the extinct species of reindeer and hippo- 
potamus, along with mammoth and woolly rhinoceros. What is their relation to 
the submergence of the land and the lowness of the temperature, which combined 
together have resulted in the local phenomena known as glacial and interglacial ? 

The geographical change in Northern Europe at the close of the Forest-bed age 
was very great. The forest of the North Sea sank beneath the waves, and Britain 
was depressed to a depth of no less than 2,300 feet in the Welsh mountains, and 
was reduced to an archipelago of islands, composed of what are now the higher 
lands. The area of the English Channel also was depressed, and the ‘ silver streak’ 
was somewhat wider than it is now, as is proved by the raised beach at Brighton, 
at Bracklesham, and elsewhere, which marks the sea line of the largest island of 
the archipelago, the southern island, as it may be termed, the northern shores of 
which extended along a line passing from Bristol to London. The northern shore 
of the Continent at this time extended eastwards from Abbeville north of the 
Erzgebirge, through Saxony and Poland, into the middle of Russia, Scandinavia 
being an island from which the glaciers descended into the sea. 

This geographical change was accompanied by a corresponding change in climate. 
Glaciers descended from the higher mountains to the sea-level, and icebergs, melt- 
ing as they passed southwards, deposited their burdens of clay, sand, and erratics, 
which occupy such a wide area in the portions then submerged of Britain and the 
Continent. 

This depression was followed by a re-elevation, by which the British isles again 
formed part of the Continent, and all the large tract of country within the 100- 
fathom line again became the feeding-crounds of the late Pleistocene Mammalia. 

An appeal to the animals associated with the River-drift implements will not 
help us to fix the exact relation of man to these changes, because they were in 
Britain before as well as after the submergence, and were living throughout in 
those parts of Europe which were not submerged. It can only be done in areas 


1 See Cave Hunting and Early Man. 
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where the submergence is clearly defined. At Salisbury, for instance, the River- 
drift hunter may have lived either before, during, or after the southern counties 
became an island. When, however, he hunted the woolly and leptorhine rhinoceros, 
the mammoth, and the horse in the neighbourhood of Brighton, he looked down 
upon a broad expanse of sea, in the spring flecked with small icebergs, such as 
those which dropped their burdens in Bracklesham Bay. At Abbeville, too, he 
hunted the mammoth, reindeer, and horse down to the mouth of the Somme on the 
shore of the glacial sea. 

The evidence is equally clear that the River-drift hunter followed the chase in 
Britain after it had emerged from beneath the waters of the glacial sea, from the 
fact that the river-deposits in which his implements occur either rest upon the glacial 
clays, or are composed of fragments derived from them, as in the oft-quoted cases 
of Hoxne and Bedford. Further, it is very probable that he may have wandered 
close up to the edges of the glaciers then covering the higher hills of Wales and 
the Pennine chain. 

The severity of the climate in winter at this time in Britain is proved, not 
merely by the presence of the arctic animals, but by the numerous ice-borne 
blocks in the river gravels dropped in the spring after the break-up of the 
frosts. 


Tue Range or THE RiverR-DRIFT MAN on THE CONTINENT AND IN THE 
MbDITERRANEAN AREA, 


The River-drift man is proved, by the implements which he left behind, to have 
wandered over the whole of France, and to have hunted the same animals in the 
valleys of the Loire and the Garonne as in the valley of the Thames. In the 
Therian peninsula he was a contemporary of the African elephant, the mammoth, 
and the straight-tusked elephant, and he occupied the neighbourhood both of 
Madrid and Lisbon. He also ranged oyer Italy, leaving traces of his presence in the 
Abruzzo, and in Greece he was a contemporary of the extinct pigmy hippopotamus 
(H. Pentland). South of the Mediterranean his implements haye been met with 
in Oran, and near Kolea in Algeria, and in Egypt in several localities. At Luxor they 
have been discovered by General Pitt-Rivers in the breccia, out of which are hewn 
the tombs of the kings. In Palestine they have been obtained by the Abbé 
Richard between Mount Tabor and the Sea of Tiberias, and by Mr. Stopes between 
Jerusalem and Bethlehem. Throughout this wide area the implements, for the 
most part of flint or of quartzite, are of the same rude types, and there is no differ- 
ence to be noted between the aches found in the caves of Cresswell in Derbyshire, 
and those of Thebes, or between those of the valley of the Somme and those of 
Palestine. Nor is our survey yet ended. 


Tue River-prirr Man ry Inpria. 


The researches of Foote, King, Medlicott, Hacket, and Ball establish the fact that 
the River-drift hunter ranged over the Indian peninsula from Madras as far north 
as the valley of the Nerbudda. Here we find him forming part of a fauna in which 
there are species now living in India, such as the Indian rhinoceros and the arnee, 
and extinct types of oxen and elephants. There were two extinct hippopotami in 
the rivers, and living gavials, turtles, and tortoises. It is plain, therefore, that at 
this time the fauna of India stood in the same relation to the present fauna as the 
European fauna of the late Pleistocene does to that now living in Europe. In both 
there was a similar association of extinct and living forms, from both in the lapse 
of time the genus Hippopotamus has disappeared, and in both man forms the 
central figure. 


Tuer River-pRirt Hunter iv Norra AMERICA. 


Weare led from the region of tropical India to the banks of the Delaware in New 
Jersey by the recent discoveries of Dr. C. C. Abbott in the neighbourhood of Trenton. 
After a study of his collections in the Peabody Museum at Cambridge, Mass., I 
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had the opportunity of examining all the specimens found up to that time, and of 
visiting the locality incompany with Dr. Abbott and Professors Haynes and Lewis. 
The implements are of the same type as those of the river gravels of Europe, and 
occur under exactly the same conditions as those of France and Britain. They are 
found in a plateau of river gravel forming a terrace overlooking the river, and 
composed of materials washed down from the old terminal moraine which strikes 
across the State of New Jersey to the westward. The large blocks of stone and 
the general character of the grayel point out that during the time of its accumula- 
tion there were ice-rafts floating down the Delaware in the spring, as in the Thames, 
the Seine, and the Somme. According to Professor Lewis it was formed during 
the time when the glacier of the Delaware was retreating (‘late glacial’), or at a 
later period (‘ post-glacial’). The physical evidence is clear that it belongs to the 
same age as deposits with similar remains in Britain. The animal remains also point 
to the same conclusion. A tusk of mastodon is in Dr. Cooke’s collection at Brunswick, 
New Jersey, obtained from the gravel, and Dr. Abbott records the tooth of a rein- 
deer and the bones of a bison from Trenton, Here, too, living and extinct species 
are found side by side. 

Thus in our survey of the group of animals surrounding man when he first 
appeared in Europe, India, and North America, we see that in all three regions, so 
widely removed from each other, the animal life was in the same stage of evolution, 
and ‘the old order’ was yielding ‘ place unto the new.’ The River-drift man is 
proved by his surroundings to belong to the Pleistocene age in all three. 

The evidence of Paleolithic man in South Africa seems to me unsatisfactory, 
because as yet the age of the deposits in which the implements are found has not 
been decided. 


GENERAL CONCLUSIONS. 


It remains now for us to sum up the results of this inquiry, in which we have 
been led very far afield. The identity of the implements of the River-drift hunter 
proves that he was in the same rude state of civilisation, if it can be called civili- 
sation, in the Old and New Worlds, when the hands of the geological clock pointed 
to the same hour. It is not a little strange that his mode of life should have been 
the same in the forests to the north and south of the Mediterranean, in Palestine, 
in the tropical forests of India, and on the western shores of the Atlantic. The 
hunter of the reindeer in the valley of the Delaware was to all intents and purposes 
the same sort of savage as the hunter of the reindeer on the banks of the Wiley or 
of the Solent. It does not, however, follow that this identity of implements implies 
that the same race of men were spread over this vast tract. It points rather to a 
primeval condition of savagery from which mankind has emerged in the long ages 
which separate it from our own time. 

It may further be inferred, from his wide-spread range, that the River-drift 
man (assuming that mankind sprang from one centre) must have inhabited the 
earth for a long time, and that his dispersal took place before the glacial submer- 
gence and the lowering of the temperature in Northern Europe, Asia, and 
America. It is not reasonable to suppose that the Straits of Behring would have 
offered a free passage, either to the River-drift man from Asia to America, or to 
American animals from America to Europe, or vice versd, while there was a vast 
barrier of ice or of sea, or of both, in the high northern latitudes. 

I therefore feel inclined to view the River-drift hunter as having invaded Europe 
in pre-glacial times along with the other living species which then appeared. The 
evidence, as I haye already pointed out, is conclusive that he was also glacial and 
post-glacial. 

In all probability the birthplace of man was in a warm if not a tropical region 
of Asia, in ‘a garden of Eden,’ and from this the River-drift man found his way 
into those regions where his implements occur. In India he was a member of a 
tropical fauna, and his distribution in Europe and along the shores of the Mediter- 
ranean prove him to haye belonged either to the temperate or the southern fauna 
in those regions, 

It will naturally be asked, to what race can the River-drift man be referred ? 
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The question, in my opinion, cannot be answered in the present stage of the 
inquiry, because the few fragments of human bones discovered along with the 
implements are too imperfect to afford any clue. Nor can we measure the interval 
in terms of years which separates the River-drift man from the present day, either 
by assuming that the glacial period was due to astronomical causes, and then pro- 
ceeding to calculate the time necessary for them to produce their result, or by an 
appeal to the erosion of valleys or the retrocession of waterfalls. The interval 
must, however, have been yery great to allow of the changes in geography and 
climate, and the distribution of animals which has taken place—the succession 
of races, and the development of civilisation before history began. Standing before 
the rock-hewn tombs of the kings at Luxor, we may realise the impossibility of 
fixing the time when the River-drift hunter lived on the site of ancient Thebes, 
or of measuring the lapse of time between his days and the splendour of the 
civilisation of Egypt. 

In this inquiry, which is all too long, I fear, for my audience, and all too short, 
I know, for my subject, I have purposely omitted all reference to the successor of 
the River-drift man in Europe—the Cave man, who was in a higher stage of the 
hunter civilisation. In the course of my remarks you will have seen that the 
story told by the rudely chipped implements found at our very doors in this place, 
forms a part of the wider story of the first appearance of man, and of his distribu- 
tion on the earth—a story which is to my mind not unfitting As an introduction to 
the work of the Anthropological Section at'this meeting of the British Association. 


FRIDAY, AUGUST 25. 
The following Reports and Papers were read :— 


1. Report of the Committee for obtaining Photographs of the Typical Races 
in the British Isles.—See Reports, p. 270. 


2. Report of the Committee on the Investigation of Loughton Camp.—See 
Reports, p. 274. 


3. Report of the Anthropometric Committee.—See Reports, p. 278. 


4, The Names Britannia and Hibernia, with their Iberian Relations. By 
Hype Crarke, V.P.A.L. 


Continuing his researches of 1871, the author carried them further by showing 
that the termination Nia signifies land or country, leaving the roots, as RD (RT, 
LD, LT, DR. Du, TR, TL) and BR (BL, RB, LB). These roots are found in the 
ancient island names for ‘ Britannia, in Brattia, Sardinia, Sardena, Rhodus, Aratus, 
Maratha, Kreta (Crete), Cytherea, Hydra, There, Carthea, Andros, Delos, 
AKthalia (Elba), Telos, Petalia, Mytilene (Lesbos), Thule, 2 Melita; and for 
‘Hibernia,’ Phaura, Pharus, Paros, Ephyre, Lipara, Imbros, Hippuris, Kupros 
(Cyprus), Aperopia, Proni, Peparethus, Pylora, Tiparenus, Sapirene, Kephallenia, 
Caprese, Karpathos. ‘The emblems on the coins of islands, he showed, included the 
sun, moon, vase, fish, ship (balsa), being round objects. These emblems also occur 
on the coins of cities of corresponding name, as Rhodia, Marathus, &e. The roots 
RD and BR were applied to round objects, but only secondarily to islands, as they 
are primarily applied to mountains (and in a later stage to rivers as taking their 
origin in mountains), Tables were given of parallel names of mountains, islands, 
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and rivers. Thus the names of ‘ Britannia’ and ‘ Hibernia,’ and other allied names, 
were found to signify ‘mountain-land =island.’ Taking Britannia and Hibernia 
together, they were found to be names of pairs of islands. Examples were Britannia 
and Hibernia; Brattia and Pharus; Hydreea and Tiparenus; Kreta and Kuprus ; 
Thera and Hippuris. Of other sets of pairs are Sardo, or Sardinia, and Corsika ; 
Andros and Keos; Rhodus and Kos; Melita and Aaulos, &c, A similar practice 
prevails in Japan, where in a pair the larger island is marked by the male prefix 
and the smaller by the female prefix. Mr. Clarke concluded that our islands were 
named by the Iberians on a common system of geographical nomenclature, and that 
Thule must have been an island known to the earliest Iberian navigators, and was 
most likely Iceland. Our islands must have been named in the early epoch of the 
foundations of the first empires. This was confirmed by the Celtic names for Hibernia 
and Caledonia, which transmitted the earlier traditions. He considered it was 
possible that Albion was another name for Britannia belonging to the same class. 


5. Hwidence as to the Scene of Man’s Evolution and the Prospects of 
proving the same by Paleontological Discovery. By W. Stewart 
Duncan, M.A.TI. 


The object of this paper was to recall attention to a lately neglected department 
of anthropology, namely that which concerns itself with the discovery of forms in 
fossil proving the evolution of man. It was urged that a committee should be 
appointed to investigate this subject specially, and to report to the Association. In 
support of his proposition the author advanced a series of arguments in favour of 
the region of the South of Europe and Asia as the probable scene of man’s evo- 
lution, and as a likely field of successful exploration. This conclusion was reached 
as follows :—On the assumption that man was evolved he must have sprung from 
a small-brained quadrumanous semi-erect-creature ; in that case he was evolved 
in common with ape allies in the Old World, In what part then of the Old World ? 
The equal division of the genera of living anthropoid apes between Western 
tropical Africa and Indo-Malaya, as also the discovery of fossil anthropoid apes in 
the extreme South of France, indicated that living Simiadz were derived from 
Southern Asia and Europe. The fairly equal division between tropical Africa and 
Malaysia of the lowest types of mankind indicated that they also were derived 
from the South of Europe and Asia. But paleontological evidence existed to 
prove that the monkeys and apes of the Old World became dispersed to this very 
same region in middle and early tertiary times. Driven thither by increasing cold 
from the north—the premonition of a coming ice age—they would, if not arrested, 
have steadily gone on to the equator. But geographical barriers arrested their 
progress for a long period, for the enormous extent of sea-barrier on the northern 
Mediterranean shore and on the shore of the Arabian sea and its diverging branches 
prevented all but those in South-eastern Asia from finding their way to the tropics. 
Those that found their way thither are comparatively unimproved; those that 
found their way to Northern Africa by happening to lie near the then probable land 
connections (by Italy and Tunis, and by Gibraltar and Tangier) between Europe and 
Africa were again arrested by a Sahara sea or desert, and so attained a higher de- 
velopment in the mountainous region of Morocco and Algeria. But those who never 
knew of such routes, and they must have been the majority, had to remain and contend 
with cold, and with their natural enemies among the lower animals, The survivors 
of these apes would become adapted to withstand a colder climate, and so would 
become fitted to become universally distributed ; increased cold would lessen the 
abundance of fruit-trees, would necessitate the selection of new kinds of food, would 
abolish the habit of living in trees; the arms would become shorter with less use, 
the legs would become more fitted by use to support the body, the foot would 
become more adapted for support and less for prehension; the pelvis and the spine 
would assume more of the human characters by the muscular exercise necessitated 
by living in a mountainous region, such as this was and still is. The brain would 
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enlarge as a mere result of the quickening given to it from the forces which then 
had to be contended with. Implements wherewith to secure food and weapons 
to defend life would first be extemporised, then designedly constructed. Caves 
would be used, and pit-shelters excavated, and all the marks of developing man 
would be evoked. May not those disputed evidences of human handiwork such as 
Miocene and Pliocene implements, and cut bones, be the work of pithecoid man ? 
At least during later Miocene and Pliocene times such a struggle of surviving apes 
would naturally have taken place in this region as a mere result of the climatal and 
geographical conditions of that period in Southern Europe and Asia. 

The remains marking such a struggle ought to be found in part among the 
deposits which flank the Eocene-capped mountains with which this region abounds. 
Moreover, these deposits would have been made accessible by having been inclined 
by the gradual elevation of these mountains known to have taken place in the 
Miocene and Pliocene epochs. These deposits cannot have been very greatly de- 
nuded away, for where glaciation has been greatest deposits of that date are found. 
They are therefore likely to be found abundantly elsewhere within this region. 


6. On the Length of the Second Toe of the Human Foot. By J. Park 
Harrison, M.A. 


7. Elo and Flow in Mental Endowment. 
By Grorce Harris, LL.D., F.S.A. 


The theory propounded by the writer of this paper is that there is frequently 
to be discovered in a succession of persons in the generation of particular families, 
an ebb and flow both of mental capacity and moral qualities; a person of ordinary 
endowment having a son of superior power, who has a son of great capacity, by 
which he becomes distinguished and rises in the world, although his own son turns 
out to be an individual of capacity below the average. 

The writer referred to the question of the supposed transmission of endowments 
acquired by cultivation, and started the inquiry whether in the cases of trans- 
mission of qualities to the offspring, the intellectual or moral condition of the 
parent at the time of the procreation of the child, is that from which the trans- 
mission of such qualities is derived. 

The writer also referred to the biographies of distinguished persons, where 
accounts are given of the qualities of their progenitors and descendants, as affording 
proof of the correctness of his theory. 

The conclusion at which the writer arrived was that there is existent in our 
constitution certain operations and impulses analogous to, or corresponding with, 
those of tide and reflux, exhaustion and repletion, action and reaction, wearing 
out and revivifying, in the material world, ever in process, as regards the origina- 
tion, development, and growth of our moral and intellectual endowments, as well 
as in the properties of our physical frames, which possess a never-failing influence 
in respect to the transmission of these qualities and their manifestation in the off- 
spring, particular endowments going on for generations increasing, until they reach 
their climax, when they at once decline. 

In the animal world he pointed out that an analogous growth and decline of 
qualities may be observed. 

He also remarked that education and training, to some extent, but only very 
partially, can account for the phenomenon in question. 
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SATURDAY, AUGUST 26. 
The Department did not meet. 


MONDAY, AUGUST 28. 
The following Papers were read :— 


1. On some Customs of the Aborigines of the River Darling, New South 
Wales. By F. Bonney. 


The author had resided as one of the early European settlers in the district on 
the north side of the River Darling, and had enjoyed unusual opportunities of 
learning their habits. In this communication he restricted himself to sundry 
customs connected with the more important epochs of life. He stated that in- 
fanticide is frequent, owing to the difficulty of carrying children from place to 
place. If, however, the child is not killed (and this is decided directly after birth) 
the parents quickly become much attached to it, and the children generally are very 
kindly treated. About the age of ten, sundry marks are made in the flesh both of 
boys and girls. The former, when about the age of sixteen, are initiated into man- 
hood by having one front tooth knocked out, or sometimes by some other cere- 
monies in place of this. At this time the youth remains apart from the camp, in 
company with one or two friends, for from ten days to a month, and for the first 
two days is fed only on blood drawn from his friends’ arms. The customs of 
marriage are described, and their methods of healing the sick. Disease is supposed 
to be caused by the incantations of an enemy. The method of performing this and 
of annulling its effect were described, and some account given of the prevalent 
diseases. The corpse is buried immediately after death, and before entombment is 
interrogated as to who caused its end. The direction in which it swings when 
struck is supposed to give an answer, and an attempt is made to punish the sup- 
posed aggressor. A small piece of flesh is usually cut from the corpse, which has 
several peculiar uses. The habits of mourning were also described. The paper 
was illustrated by numerous photographs taken by the author, and specimens of 
native industry. 


2. Pre-historic Remains in the Deposits of the Bovey Basin, South Devon. 
By W. PEncELLY, F.R.S. 


3. The Light thrown by the Exploration of Caves on the Conquest of Britain. 
By Professor W. Boyp Dawkins, M.A., F_R.S. 


4. The Jutes of the Isle of Wight. By J. Park Harrison, M.A. 


5. On the Physical Characteristics of the Saawon. By J. Park Harrison, M.A. 
6. The Lolo Character of Western China. 
By Hype Crarkg, V.P.A.I. 


The Royal Geographical Society has published a supplementary paper, ‘ Travels 
in Western China,’ by E. Colborne Baker. This contains plates describing a MS, 
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from Ssu Chuen, obtained from a hill tribe calling itself Lolo. Mr. Clarke had, at 
a previous meeting of the British Association, called attention to a MS. brought 
by Captain Gill, R.E., from another tribe of Western China, called Moso. The Lolo 
characters Mr. Clarke found to be not the same as the Moso, but having many 
resemblances and identities. The Moso contains also many ideographs, and is of the 
same nature as the Khita inscriptions from Hamath, Carchemish, Asia Minor, &c., 
and also characters to be found in syllabaries and alphabets throughout the world. 
One of the most remarkable circumstances in Lolo is the many resemblances to the 
Vy, or Vei syllabary of Western Africa, supposed to be of modern inyention, but 
which Mr. Clarke had explained to the British Association to be of ancient material. 
Generally speaking the like characters are in different positions in Lolo and Vy. 
Thus e andd5; q and E;=andi|; & and H; 3and ¢; + and |-, and other 
more peculiar combinations. The Moso has an organisation like the Khita 
(Hittite), the Lolo more like the Vy, but with combinations like the Khita. The 
explanation to be assigned is that all the existing syllabaries are derived from an 
ancient system, which has been differently developed in various regions, and there 
is this remarkable consequence, that the ancient systems are still in operation in 
the Lolo, tie Moso, and the Vy, at the extremities of the Old World, in China and 
in Western Africa. 


7. On the Formula of Alfred R. Wallace in its relations to Characters and 
Alphabets. By Hype Cuarke, V.P.A.L. 


Mr. Wallace (Nature, xxiv. p. 244, 1881) called attention to words for mouth 
in many languages being labials; for teeth, dentals; and for nose, nasals. This 
observation Mr. Clarke extended by means of the list he had published of old 
Chinese round characters which he had supposed to be derived from the eye. 
Taking the mouth as the pivot, then, © (QO in modern Chinese) was the character 
for mouth, eye, ear, head, face, sun, moon, mother, woman, egg, flower, field or 
enclosure, doorway, ring, blood, pot, white, four. In Chinese several of these are 
still labials in M, and so they are in English. Mr, Clarke had shown that in many - 
languages these words are allied in sound, and are labials—characters include O (. 
Where, however, the idea of eating, &c. is introduced, a dental may displace a 
labial in the word for mouth; and so other words are liable to be displaced by other 
ideas and sounds. The nasal roots Mr, Clarke found to belong to the series he had 
already demonstrated in Chinese as the + series. As the labials are female, so are 
the nasals male; and the characters appertaining include + + T -|; + N, &e. 
Mr. Clarke has found that the dental series embraces such ideas as tooth, hill, 
island, door, drum, arrowhead, with the characters A, A, AAA. The result is 
that speech-language was founded on the ideas of gesture- or sign-language, and 
that characters, according to the observations of Colonel Mallery and Mr. Clarke, are 
applicable not only to speech-language but to gesture-language. Mr. Clarke there- 
fore considers that characters were more ancient than speech, and that speech was 
propagated in the Old and New World by arace of high culture, most probably white. 
The consequence is that all languages in the world are found to be connected, and 
to have many resemblances of sound; but the general connection is psychological, 
a connection of ideas and not of sounds. In this sensg, all language is of common 
origin, but no one primeval language ever existed. The community of sound depends 
on the application of labials, nasals, and dentals to associated ideas, but differen- 
tiality begins with the selection of the labial, &c. As selection took place of the 
various ideas, so did the substitution of other sounds take place. On applying the 
test of the primary characters to ancient characters, syllabaries, and alphabets, it 
was shown that as a general law those which should be labials were of the labial 
form, and so of the others. Thus Korean was found strictly to correspond, although 
apparently artificial, and Vei, supposed to be of modern invention, proved to be 
ancient in its elements. Mr. Clarke considered that the trine law in grammar may 
have been developed on the system of 3 sounds, as 3 parts of speech ; 3 divisions 
of each; 3 numbers, 3 cases, 3 degrees, 3 persons, 3 forms of verbs, 3 moods, 
3 tenses, 3 positions of adverbs, &c. 
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8. The City of the Tarquins. By Miss A. W. Bucxanp. 


In describing a short visit paid two years ago to Corneto, the modern representative 
of old Tarquinii and to the Necropolis of the ancient city, Miss Buckland points out 
how few travellers forsake the beaten track to investigate the relics of a people 
anterior to the Romans and their instructors in most of the arts, as well as their 
teachers in religious rites and divination. Yet these people have left behind them 
innumerable works of surpassing interest, showing an affinity with those of Egypt, 
Assyria, and Greece, yet bearing a distinctive character of their own. The legends 
of this ancient people make them a colony of Lydians, driven by famine from their 
own land and settling among the prior inhabitants of Italy, who were probably an 
admixture of Umbrians and Pelasgians, or as some prefer to call them, Tirrhenians, 
although this name is also applied to the Etruscans. 

This Lydian colony, led by Tarchon, the companion of Aineas, landing probably 
at Civita Vecchia, founded Tarquinii, so called from Tarchon, of whom the legend 
further relates, that ploughing on what is now the Necropolis, a boy, named Tages, 
with grey hair, sprang up under his plough. ‘Tages instructed the Etruscans in 
religion and the arts of government; and Miss Buckland looks upon this grey- 
haired boy as a personification of the former inhabitants, from whom the Etruscans 
adopted much, and points out that the jewellery formerly ascribed to the Etruscans 
is assigned by Castellani to this former race, whilst the well-known vases are of 
Greek origin, the manufacture having been introduced from Corinth by Demaratus, 
the father of Tarquinius Priscus. The earlier Etruscan ware is black and unpainted, 
but sometimes ornamented with raised figures. The Etruscans were most famous 
for their works in bronze, which seem to have been exported to all parts of Europe, 
and they probably obtained the tin necessary for the manufacture from Britain, 
since articles found in the tombs show a very extensive commerce. 

The tombs of Tarquinii differed much from those of the Romans, being subter- 
ranean and yery elaborately painted; there are facsimiles of some of these paintings 
in the British Museum, but fresh discoveries are constantly made, as the Necropolis 
is now being excavated by the Italian Government. Besides the painted tombs the 
Necropolis of Tarquinii contains many fine tumuli, resembling those in our own 
land, and Miss Buckland suggests that antiquaries might find much of interest in 
excavating these, as also the site of the ruined and utterly forsaken city of Tarquinii. 
where possibly a clue to the Etruscan language, so long sought in vain, might be 
discovered. 

Among the interesting objects from the Necropolis, now collected in a newly 
formed museum at Corneto, Miss Buckland mentioned several situle, which are 
dressing cases of bronze, elaborately ornamented, containing all the necessaries of a 
lady’s toilet; several beautiful vases and dishes of glass, resembling the Phcenician, 
two sets of false teeth, fastened tcgether with flattened gold wire, and a large 
number of mirrors and vases; also sarcophagi and cists, beautifully sculptured in 
relief and painted. The tomb-paintings show that women in Etruria were treated 
as equal to men, enjoying the same rights and privileges, descent being traced 
through the mother, which probably shows that the Etruscans were a non-Aryan 
race, although their origin is not yet determined. They have disappeared from 
history, leaving only their sepulchres, works of art, and great engineering works, 
particularly in drainage and subterranean aqueducts, to the ruin of which Miss 
Buckland ascribes much of the increased unhealthiness of the Maremma and 
Campagna. 


9. The Influence of the Intellectual Faculties in relation to the Direction 


and Operation of the Material Organs. By Grorce Harris, LL.D., 
F.S.A. 


The object of the writer of this paper is to point out the extent to which, and 
the mode in which, the discipline and cultivation of the material voluntary organs, 


including more especially the senses and the hand, may be affected by the operation 
1882. RR 
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of the mind upon them, so that by the training of the latter the complete and 
systematic regulation of the former may be accomplished. He observed that in 
many of our mental operations, where a corporeal organ is resorted to, it occa- 
sionally appears difficult to determine whether the mind, or the material organ, is 
that which is mainly employed. 

By the cultivation of the senses it is that the acuteness and the susceptibility of 
the organ to perceive, not the power of the mind to receive impressions from the 
sense, are enlarged. It is in fact altogether an animal or material improvement 
that takes place, and through which we obtain a considerable share of that power 
with which animals are so extensively endowed, particularly in those sensations, 
such as feeling and touching, and smelling and tasting, which peculiarly appertain 
to the animal part of our nature. 

Thus also the hand, by cultivation, acquires dexterity, quite independent of the 
improved skill of the mind to direct it; which in its turn may be, in many cases, 
also improved both in its actual power and in its ability to receive impulses from 
the senses. The writer alluded to the various employments of the hand as the organ 
of the mind, in playing on a musical instrument, in mechanical operations, and in 
drawing. And he pointed out the necessity, in order to carry out to perfection the 
maintenance of this communication between the mind and the material organs of 
each kind, of both the intellectual faculties and the organs to be disciplined to 
their rule obtaining a thorough and systematic cultivation. The mind itself, he 
asserted, is never liable to fatigue, although the material organs on which the miad 
acts suffer from constraint in their operation when impelled so as to incur this, 
by the influence of the mind. The left hand is unable to act as efficiently as the 
tight as an organ of the mind, simply from the general neglect to discipline it. 
The discipline and training of each of the organs is best and most efficiently 
acquired during youth; while the importance of the acquisition it is impossible to 
over-estimate, 
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PRESIDENT OF THE SEction.—Sir RicHarp TEMPLE, Bart., D.C.L., 
G.C.S.1L, F.R.G.S. 
[For Sir Richard Temple’s Address, see p. 613.] 


THURSDAY, AUGUST 24. 


The following Papers were read :— 


1. The. Arctic Campaign of 1882.—lIts Origin, Constitution, and Objects. 
By Lieutenant G. T. Tempe, R.N., F.R.G.S. 


After referring to the revival of public interest in Polar research which has taken 
place of late years, Lieutenant Temple gave a slight sketch of the salient features 
of Arctic discovery during the middle ages, showing how the quaint fancies of the 
early philosophers gradually gave place to the intensely practical investigations of 
modern times. He said that the great value and importance of scientific inquiry 
in the Arctic regions had long since been acknowledged, and that special attention 
had been paid to it by all the more recent Arctic expeditions. But, while important 
results in various departments of science had consequently been obtained, they had 
hitherto been too isolated and scattered to admit of comprehensive generalisation. 
To remedy this state of things, Lieutenant Weyprecht and Count Wilczec had 
taken energetic measures to rouse public interest in a scheme of international co- 
operation, the details of which were finally agreed upon at the Polar Conference 
held at St. Petersburg in July 1881, amongst them being the establishment of four- 
teen stations—twelve in the Arctic, and two in the Antarctic regions, Lieutenant 
Temple then gave some details of the nature, period, and frequency of the ob- 
servations to be made, and stated that England would co-operate with the Polar 
Commission by watching the general meteorology of the North Atlantic. Re- 
ferring to the circular issued last spring by the Meteorological Council, he said it 
might be confidently expected that shipowners and officers would render cordial 
assistance in furthering an inquiry in which they were so deeply ‘interested. He 
thought that, considering the enormous amount of labour which would be re- 
quired to tabulate and reduce for comparison the mass of material which is almost 
sure to be forthcoming, it would be admitted that England took a prominent part 
in the campaign, in thus supplementing the work of the fixed stations, while the 
patriotism and enterprise displayed by the Meteorological Office reflected credit on 
the whole nation. 

With regard to the purely geographical part of the campaign, Lieutenant Hoy- 
gaard’s spirited enterprise, of which a detailed account was given, was a good illus- 
tration of the fact that, though the area of the unknown region has been greatly 
‘reduced during the present century, there is still ample scope for ingenious specula- 
tion as to the distribution of land and water about the Pole. Lieutenant Temple 
then gave some particulars of the American, Dutch, and other exploring expeditions 
of the year, with an outline of the sad story of the Jeannette, and a sketch of the 
measures taken for the relief of Mr. Leigh Smith. He paid a warm tribute to the 
devotion and heroism of the officers and men of the Jeannette, and said that they 
could not have won for themselves a more imperishable name, even if they had 
succeeded in reaching the Pole. In conclusion, he remarked that the Arctic cam- 
paign of 1882 marked a fresh point of departure in Polar investigation, which 
might now be considered as an accepted branch of study, and there could be little 
doubt that the whole physical economy of the Polar regions would, sooner or later, 
be brought to light. The one thing necessary to ensure success was continuity of 
effort. 
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2. Notes on a visit to the Chukchi Peninsula in 1881, based on letters 
from Drs. Arthur and Aurel Krause. Communicated by the Bremen 
Geographical Society. 

The brothers Krause, who were sent by the Bremen Geographical Society for 
the purpose of making scientific observations in Bering’s Strait, landed in Lawrence 
Bay in August 1881, and visited twelve different localities before the middle of 
September, from Plover Bay in the south, to Uédle, just within the Arctic circle. 
This, the largest village met with, is on the northern side of East Cape, with 
eighty-three huts and some 260 inhabitants. The travellers made considerable 
collections of plants, obtained many objects of ethnological interest, took dredgings 
and soundings, and made rapid surveys of various parts as yet imperfectly repre- 
sented in charts. 

The Chukchis were found to be much reduced in numbers by famine, partly 
caused by their parting with necessary fur clothing for drink, and partly by whales 
and walruses being driven from their coasts. The division of this tribe into two 
classes, distinguished by their habits of hunting marine or land animals, is found to 
be imaginary, as members of the same family are found in both of them, and their 
languages do not differ. Tattooing is universal among their women, and their 
clothing in general resembles that of the Eskimo, with whom they retain com- 
mercial relations. Here and there along the coast small communities also were 
found, differing completely in language, and to some extent in features, from the 
other Chukchis, and indicating a relationship with the Greenland Eskimo. 

The region examined was divisible into three well-marked classes:—1, a stony 
or licheniferous tundra; 2, a wet-moss tundra; 3, slopes and valleys with com- 
paratively luxuriant vegetation, the willows attaining a height of three feet. Of 
Jand mammals only Siberian marmot and the whistling hare (Lagomys hyper- 
boreus) were met with; but according to the natives, wild reindeer, mountain 
sheep, foxes, bears, and wolves occasionally make their appearance on the coast. 

The travellers returned to San Francisco early in November, and afterwards 
passed the winter in Alaska, where one of them remains, with the object of 
examining the basin of the Yukon river. 


3. The question of an Overland Route to China from India vid Assam, with 
some remarks on the source of the Irrawaddi River. By Cartes H. 
Lepper, F'.2.G.S., M.R.A.S. 


The author traced a short history of the little already done to solve the important 
roblem indicated by the title, and showed that there is steam-transit all the way from 
Bara to our extreme north-eastern frontier outpost nearest to China, viz. Makum, 
and that there is no physical objection against continuing the railway now in progress 
of construction to Makum from that outpost all the way to the banks of the Irra- 
waddi river. He pointed out that the inhabitants of the country through which 
this extension of the railway would have to pass are Singphos, who are very 
friendly to the English, and are quite independent of the Burmese, and also of the 
Chinese. These Singphos have further expressed a wish that a road should be 
made through their country, as they are alive to the advantages they would reap 
from it. Mr. Lepper then explained that Chinese traders already visit and settle 
amongst these Singphos, on this independent, or as he calls it ‘neutral ground,’ 
and that were a road or railway continued from Makum to the Irrawaddi, a dis- 
tance of only about 120 miles, there can be little doubt the adventurous Chinese 
traders who now traffic on the Irrawaddi would be induced to come to us for 
British merchandise. Thus the whole of Western China would be thrown open to 
British commerce, without the necessity of any treaty with China, and without 
any European having to cross the Chinese frontier. Further, the Thibetans, who 
already trade in this western part of China, would avail themselves of these Chinese 
traders as intermediaries between themselves and us, and in this way Eastern 
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Thibet would also be opened to British commerce, and English goods would take 
the place of Russian goods, which latter now almost exclusively represent Euro- 
pean markets in Western China and Eastern Thibet. With steam-transit all the 
way from Europe to the banks of the Irrawaddi, at the latitude mentioned there 
could be little doubt that the question of the best route from India to China over- 
land would be solved, as the road would nowhere enter or be subject to the 
King of Burma’s dominions, and thus our goods would be landed without dues or 
‘squeezes’ at the very frontier of China, practically speakine. 

Mr, Lepper pointed out that notwithstanding the new era which is sure to 
open for this frontier once the railway to Makum is opened—next year—nothing 
is being done to prepare for the new order of things, and that there is not a single 
European who can speak the Singpho language, or who knows the prejudices, 
manners, and customs of the Singphos, although Makum itself is situated among 
Singpho villages, which are scattered about and within our frontier in this direc- 
tion. He then explained the advantages which would be derived on the opening 
of this route by British merchants, owners of tea properties in Assam, the Public 
Works Department of Assam, and last, but not least, by Bengal in its times of 
famine. Mr. Lepper then called attention to certain data he had collected, which 
went to show that the Irrawaddi could not take its rise much further north than 
latitude 28° 380’. 


4, Notes on the oldest Records of the Sea-Route to China from Western 
Asia. By Colonel H. Yuin, O.B., R.L.—See Reports, p. 347. 


‘ 


FRIDAY, AUGUST 235. 
The PRESIDENT delivered the following Address :— 


The Central Plateau of Asia. 


The subject chosen for this address is the Plateau of mid-Asia. This area, which 
is one of the most wonderful on the surface of the earth, contains nearly 3,000,000 
English square miles, and is equal to three-fourths of Europe. Its limits, its 
exterior configuration, its central and commanding situation in the Asiatic con- 
tinent, will be clearly perceived from the large diagram of Asia which is exhibited 
here.'_ Ascompared with someof the more favoured regions, it is singularly desti- 
tute of natural advantages. Though it has several deep depressions of surface, yet 
its general elevation is very considerable, and~ some of its large districts are the 
most elevated in the globe. It is walled in from the outer world and excluded 
from the benign influences of the sea by mountain chains. Its climate then is very 
seyere on the whole, more distinguished for cold than for heat, but often displaying 
extremes of temperature high as well as low. It offers, from the character of its 
contour, extraordinary obstacles to communication by land or water. Though 
seldom inaccessible to courageous explorers, it is generally hard of access, and in 
several respects very inhospitable. In the progress of civilisation it is, with reference 
to its historic past, excessively backward. Its capacities for the production of 
wealth have been but little developed. Its population is scanty, scattered, and for 
the most part uncultured. Its agriculture comprises only a few areas widely segre- 
gated from each other, and many of its largest districts are amazingly desolate. 

Nevertheless this plateau has eminent claims on the attention of geographers, 
for several reasons which may be summarised thus :— 

1, A mountain system which dominates the greater part of Asia, and includes 
stupendous ranges with the loftiest peaks yet discovered in the world. 


1 See an able disquisition on this subject in ‘The Himalaya System,’ by Trelawny 
Saunders, Geographer of the India Office, to whom I am much indebted for suggestions 
regarding the plateau. 
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2. A series of heights and depressions almost like the steps of a staircase within 
the mountainous circumyallation of the plateau. 

8. The sources and the permanent supply of rivers which, passing from the 
plateau, flow through densely populated regions, and help to sustain the most 
numerous families of the human race. 

4, A lacustrine system, comprising lakes of which some are saline while others 
have fresh water, and of which many are situated at great altitudes. 

5. The home of conquering races, whence warrior hordes poured during several 
centuries over nearly all Asia and a large part of Europe. 

6, Natural products of value, variety, or interest, and pastoral resources suscep- 
tible of indefinite development. 

7. An enormous field for scientific research, with many regions which, though 
not wholly undiscovered, yet need much further discovery. 

8. An imperial jurisdiction offering many problems for the consideration of 
social inquirers. 


I shall now offer a brief explanation regarding each of the eight points stated 
above. 

In the first place it will be seen from the diagram that the plateau, in shape 
somewhat of an irregular rhomboid, is completely enclosed by six grand ranges of 
mountains, namely the Himalayas looking south towards India, the Pamir looking 
west towards Central Asia, the Altai looking north towards Siberia, the Yablonoi 
looking north-east towards Eastern Siberia, the Yun-ling and the Inshan (inclusive 
of the Khingan), looking towards China. ‘These several ranges preserve generally a 
considerable altitude varying from 6,000 to 25,000 feet above sea-level, and reaching 
‘in the Himalayas to more than 29,000 feet. The tallest of these summits have 

been accurately measured by the Great Trigonometrical Survey of India. Their 
altitude is about double that of the highest mountains in Europe, and surpasses any 
altitude yet observed in any quarter of the globe. But as a great part of these 
several ranges is as yet unsurveyed by trigonometry, it is possible that still greater 
heights may be discovered, and that ‘ Excelsior ’ may be the proud answer rendered 
by the everlasting hills to human investigation, 

Regarding these and the other chains yet to be mentioned, it must be borne in 
mind that there are many cross ranges and transverse lines of mountains, Even the 
chains, too, often consist of detached groups separated by deep valleys. It is by 
observing the position of the groups relatively to one another that the tendency of 
the chain can be discerned. 

Such being the outer barriers of our plateau, there are within it two great ranges 
mainly parallel and running from west to east, namely the Kuen-lun and the Thian 
Shan. 

While the Himalayas form the southern flank of the great Tibetan upland, 
the Kuen-lun constitutes the northern. The modicum of knowledge possessed by 
us regarding the Kuen-lun, a most important factor in the geography of our 
plateau, is largely due to the praiseworthy travels of the Russian Prejevalsky. 
This range may be said in a certain sense to overlook the Tarim basin ending in 
Lake Lob, though the mountains are actually distant more than a hundred miles 
from that lake. It forms the southern boundary of the Tarim basin, which contains 
some of the few beautiful tracts in our platean. If there be such a thing as a back- 
bone to these regions, or anything like a dorsal ridge, it consists of the Kuen-lun. 

The Thian Shan starts from the Pamir, and runs westward for full 1,500 miles, 
till it joins with some of its spurs the uplands of Mongolia proper, or touches with 
others the dreary desert of Gobi. As the Kuen-lun forms the southern boundary 
of the Tarim basin, so the Thian Shan constitutes the northern. 

Connected with the north-western part of the Himalayas is another range which 
some regard as an offshoot, but which others treat separately under the name of. 
Karakuram. Together with the Himalayas it joins the Pamir. 

Thus three of the greatest mountain ranges in Asia converge upon the Pamir, 
or according to some are there interlaced ; namely the Himalayas, the Kuen-lun, 
and the Thian Shan, to which perhaps two others might be added, namely the 
Karakuram just mentioned and the Altai. But it may be more accurately said 
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that the outer border of our plateau north of the Pamir is formed by the terminal 
spurs of the Thian Shan. It is to be remembered also that the Indian Caucasus— 
which does not concern our plateau directly enough to fall within this address— 
probably joins the Pamir. In general terms, the convergence of mountain ranges 
on the Pamir renders it geographically the most important position in Asia. The 
uninstructed Asiatics have evinced a hazy admiration of its grandeur by calling it 
‘the roof of the world.’ The comparatively instructed Europeans have revered it 
as the source of the classic Oxus and as fraught with political considerations. Un* 
less further discoveries shall alter existing information, we may expect that com- 
pletely informed geographers will consider that this Pamir is the mother of 
mountains, that other ranges are to it as the branches are to the root, and that here 
if anywhere is the true boss of the Asiatic shield. 

In the second place, the vast surface of our plateau, though almost uninter- 
ruptedly environed by its rocky walls, presents an extraordinary series of elevations 
and depressions. In the heart of the plateau there is the depression known to 
geographers as the Western Gobi, sometimes called the Tarim basin. Within this 
there is the Lob Lake or Lob Nor, truly an inland sea into which the waters of 
several rivers ultimately flow, finding no vent towards the ocean. The total length 
of the Tarim river, with its affluents debouching into Lob Nor, cannot be less than 
800 miles. This curious and interesting lake is not more than 2,000 feet above 
sea-level, and forms almost the lowest dip in our plateau. It is like the bottom of 
a vast platter, or the centre in the hollow of a mighty hand. Around this de- 
pression there are on all sides uplands of various heights like gradations in the Asiatic 
terrace terminating in the intermediate ranges, or in the outer circumvallation of 
mountains already described. On the east of it there is the tract called Eastern 
Gobi, chiefly desert, and Mongolia, averaging 4,000 feet above sea-level: on the 
north the Altai uplands, exceeding 5,000 feet. On the west the Pamir rises 
abruptly, exceeding 13,000 feet ; on the south Tibet, with equal abruptness, having 
an ayerage altitude of 15,000 feet above sea-level, thus being the loftiest expanse in 
the world ; and on the south-east the tract around the Kuku Nor Lake, 10,000 feet. 

Further, there is a detached depression known as the Zungarian strait, extend- 
ing to the northern confine of our plateau between the Thian Shan and the Altai 
ranges. This strait, hardly exceeding 2,000 feet above sea-level, is as low as, 
perhaps even lower than, any part of our plateau, and is very near breaking its 
continuity, which may be considered as being just saved by the comparatively 
humble altitude above mentioned. The depression is geographically important as 
forming the only broad pass between our plateau and the world without. It 
runs from Mongolia, the most important tract within our plateau, to Siberia out- 
side. Great value was, in early times, attached by the Chinese to it, as being the 
only natural highway on a large scale between Northern and Central Asia. 

The existence of this and the other depressions above described has led to 
interesting speculations among geologists as to there having been, in primeval times, 
within our plateau, at least one inland sea as large as the Mediterranean of Europe. 

Be that as it may, there is no doubt that a process of desiccation has been going 
on within our plateau during historic ages, whereby the climate is considerably 
affected, and many signs or evidences show that this process is still in operation, 

On most of its sides our plateau is extraordinarily inaccessible, the passes being 
steep in the extreme, and on the south ending in ridges 18,000 to 20,000 feet above 
sea-level. ‘Towards Siberia the Altai passes are easier, and on the north-east be- 
tween Mongolia and China there are several passes that have witnessed the historic 
outpourings of the Mongol hordes, and which are ominously remembered by the 
Chinese as the openings through which their invaders rushed like the great river 
in flood, or the landslip from the mountain side, or the avalanche sweeping along 
the boulders and débris to the destruction of the valleys beneath. 

The great desert of Eastern Gobi occupies the eastern portion of our plateau. 
With its accumulating forces of sand and powdered earth it has a tendency to 
encroach, and is regarded by man with a vague awe. Its present extent is 
enormous, being not less than halfa million of square miles, Nor does it exist 
alone within our plateau, for between the Tarim basin and the Kuen-lun spurs there 
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is a lesser desert called Takla~-makan with 100,000 square miles of area. It may 
probably be found that these two deserts join or are otherwise connected. 

In the third place we have noted that while the prevailing characteristics of our 
plateau are wildness, ruggedness, or desolation, yet within it are the sources of 
several great rivers which sustain the most teeming peoples on the face of the 
earth. ‘The monarch as it were of all these noble waters is the Yang-tse-Kiang. 
Though its head streams have been but imperfectly explored, yet its true source is 
known to be in the Kuen-lun mountains already mentioned. After quitting our 
plateau and passing out of its prison-house in the mountains through natural gates 
of the utmost magnificence, it permeates the most thickly-peopled provinces of 
China—provinces inhabited by about 120 millions of souls. It sustains the life of 
this enormous population by supplying the necessary moisture and by affording the 
means of irrigation and of water-traflic. No river has ever in ancient or modern 
times played so important a part in the increase of the human race as the Yang- 
tse-Kiang. Its supply of water is immense and unfailing, and this most essential 
characteristic is caused by its connection with the snow-clad and ice-bound regions 
of our plateau, within which it has a course of 700 miles before entering China proper. 
Amidst the same Kuen-lun range, the Hoang-ho rises, from unexplored springs, 
which the Chinese figure to themselves as ‘ the starry sea.’ After bursting through 
several ranges, making wondrous bends from its main direction near the base 
of our plateau, and changing its course more than once to the confusion of com- 
parative geography, it trayerses Northern China and confers agricultural prosperity 
on some 70,000,000 of souls. It also has a course of some 400 miles within our 
plateau, in consequence of which its water-supply is perennially snow-fed. Again, 
the Irrawaddi and the Mekhong, the former watering Burma and the latter watering 
Cambodia, rise in the offshoots of the Kuen-lun. That region, then, in respect of 
the parentage of important rivers, stands in the first rank. This beneficent circum- 
stance arises from the direction of subsidiary ranges which admit to this part of 
our plateau some of the moisture-laden breezes from the Pacific Ocean. 

Similarly the two Indian rivers, the Brahmaputra, and the Indus with its 
affluent the Sutlej, have their origin at a great distance within our plateau, and 
their water-supply is indefinitely augmented in consequence. Notwithstanding the 
vast volume of their waters, these rivers play an economic part which, though 
ereat, is much less than that of the main Chinese rivers. The Brahmaputra, above 
its lower course as the Meena, cannot be said to sustain more than 15,000,000 
of people; and the Indus, together with the Sutlej, may support 12,000,000. 
The Ganges and Jumna, issuing from masses of snow on the southern scarp of 
our plateau, sustain before their junction at Allahabad a population of 30,000,000 
—dquite irrespective of the deltaic population of the lower Ganges, for whom 
moisture is supplied from other sources. Of these Indian rivers the waters, per- 
petually snow-fed, are largely drawn away for canals of irrigation on a grand 
scale. Taken all in all, despite defects, the Ganges Canal is the most imposing 
example of hydraulic engineering that has yet been seen. From the glaciers of the 
Pamir and the western terminus of the Thian Shan there spring the head-streams 
of the Oxus, the Jaxartes, and their branches, ending in the inland sea of Aral. To 
these, in Persian phrase, the epithet of ‘ gold-scatterer’ or ‘ wealth dispenser’ is 
felicitously applied by the natives. 

Of the rivers rising in the northern section of our plateau, the Amur has possi- 
bilities of which the future may see the development. But the great rivers of 
Siberia, such as the Obe, the Yenisei, and the Lena, though flowing through rich 
soils and affording marvellous facilities for several systems of inland navigation to 
be connected with each other, yet have their long estuaries in the permanently 
frost-bound lands of the Tundra, and their mouths in the Arctic waters frozen 
during most months of the year. Therefore they can never, in economic importance, 
vie with the rivers above mentioned, which flow into the Pacific and Indian Oceans. 

In the fourth place, the lacustrine system, though not comparable to that of 
North America or of Central Africa, and not approaching in beauty or interest that 
of Southern Europe, is yet very considerable. It is not, however, the only one in 
Asia, and from it must be excluded the three great Siberian lakes of Issykkul, of 
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Baikal, and of Balkash, which, though connected with our plateau, are beyond its 
actual limits. Exclusive of these, however, the lakes, great and small, within our 
plateau, are extraordinarily numerous. Not less than a hundred of them may be 
counted on the maps of this region. Of these lakes, however, some are insignificant, 
being little more than saline swamps. Others, again, as the Pangong, though 
romantically beautiful—reposing at an altitude equal to that of the highest 
European, mountains, and reflecting the perennial snow of surrounding peaks—do 
not illustrate specially any geographical problem or produce any economic 
result. But some may be selected as having a scientific interest irrespective of 
beauty or of strangeness. 

The Lake Victoria, discovered by Wood in 1838, rests in the heart of the Pamir, 
already mentioned, at an elevation of 15,000 feet above sea-level. It is frozen over 
during the greater part of the year, and lies with a glistening and polished surface 
in the midst of a snow-whitened waste. In that state it powerfully affects the 
imagination of the spectator who reaches it as the final goal, after a protracted and 
toilsome ascent from the barren or deserted plains of Ariana. It is the source of 
the Oxus, and is near the point of contact between the British and the Russian 
political systems in Asia. 

In the sharpest contrast to the highly-placed Pamir lake is the lowly Lake Lob, 
already mentioned. Shallow water, sedgy morass, dreary sands, parched forests— 
the monotony of desolation—are reported to be its characteristics. It apparently 
consists of the dregs of an inland sea that is mostly dried up, and is, as it 
were, kept alive only by the Tarim river, which has its sources in the everlasting 
snows of the Pamir. Despite the proximity of saline tracts, the lake has fresh 
water. Near it isa great desert, of which the soil, though now arid and friable, 
owing to the gradual desiccation, was once more or less productive, and where a 
population has probably become extinct or has disappeared by migration. 

The Pamir then is a water-parting for two inland seas, one the Aral, beyond 
our plateau, the other Lob Nor within it—both saved from speedy desiccation only 
by the influx of rivers from the snow-line. 

Again in contrast is the Kuku Nor, a sheet of water 10,000 feet above sea-level, 
in the eastern section of the Kuen-lun mountains, near the source of the Hoang-ho. 
Its waters, profound and saline, have a dark azure hue, which is compared by the 
natives to that of the exquisite silks in China. It is in the Tangut region, men- 
tioned by Marco Polo in his Itinerary. In respect to the lakes in this region, and 
especially the morasses of Tsaidam, there are geological speculations as to another 
Asiatic Mediterranean (besides that already mentioned ), long since dried up, where- 
of there are a few widely-scattered remnants, among which the Kuku Nor is one. 

Lastly, a word of passing notice may be devoted to two among the Tibetan 
lakes, that of Tengri, near Lhassa, on the shore of which stands a venerated 
Buddhist convent, and the Bul-tso, from which have been obtained quantities of the 
best borax. 

In the fifth place, the north-eastern part of our plateau was during remote ages, 
beyond the ken of history, the home of hardy and aggressive Tartars, or, as they may 
be more properly called, Mongols. These Tartar races, dwelling among tbe uplands 
in the lee of the mountains, used for many centuries to emerge and harry the fertile 
Chinese plains lying between the mountains and the Pacific Ocean. It was to ward 
off these incursions that the Great Wall was constructed, winding like a vast serpent 
of stone along the ridges of mountains for 2,000 miles from the Pacific coast to 
the Siberian confines. The cost and labour expended on this amazing work attest 
the dread with which the Tartar highlanders had inspired the Chinese lowlanders. 
Some centuries after the building of the Wall, the most warlike among the Tartar 
tribes, in the council of their national assembly, acclaimed Temujin as their king, in 
the year 1206 a.p. He took a title which is translated by Europeans as Chinghiz 
Khan, a title which for two centuries or more was the best known name in the whole 
world. At the head of his Tartar adherents, he first subdued the other kindred 
tribes of our plateau. Then he organised and disciplined the whole Tartar man- 
hood into an army of horsemen. ‘This is the most wonderful instance of military 
mobilisation known to history ancient or modern, Its results too were equally ap- 
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palling. In medieval times the marches of the Arabs and the Saracens, in modern 
times the expeditions of Napoleon, have dazzled Asia or Europe. These were 
hardly, however, equal to the distant conquests of Alexander the Great in ancient 
times. But even the wars of Alexander were perhaps surpassed by the ravages of 
Chinghiz Khan and the Tartars of our plateau. The countries of China, India, 
Afghanistan, Bactria, Persia, the Aral-Caspian basin, Siberia, Asia Minor, Russia, 
were overrun within a hundred years by Chinghiz Khan, his lieutenants, and his 
immediate descendants. Thus, through the hordes of our plateau there was estab- 
lished a dominion stretching from Cape Comorin, near the equator, to the Arctic 
Ocean, and from the Pacific shores to the banks of the Vistula in Poland. The 
latest historian of the Mongols considers that nothing but the unexpected death of 
the Tartar sovereign, and the political combinations arising in consequence within 
this very plateau of ours, prevented the Tartar invasion from spreading even to 
Western Europe. Though it is often held that these terrific events have been over- 
ruled by Providence for the progress of mankind, still at the time they caused what 
Gibbon truly calls a shipwreck of nations. Notwithstanding this, the Tartars 
won, in a certain sense, an unparalleled success, which is attributable to the 
geographical circumstances of our plateau. 

The influence of the precipices, the forests, the prairies, the wild sports, in 
forming the national character is so obvious that it need not be specified. We 
readily understand how the sturdy mountaineer, the daring hunter, the practised 
archer, becomes the able soldier. In Mongolia, however, the local speciality was 
this, that the practically boundless extent of the pasturage and the nutritious rich- 
ness of its quality, induced the people to maintain countless horses, cows, buffaloes, 
sheep, goats, and camels, neglecting the tillage of the soil, never building houses, 
but living in tents made of warm felt, accumulating a rude wealth, still roving 
and roaming about at some seasons incessantly from one encampment or one 
grazing-ground to another, dragging with them their families and their effects 
by means of the pack animals and the roomy waggons drawn by many oxen yoked 
abreast. Thus was a truly nomadic existence practised on the largest scale ever 
known. Mongol armies, better drilled, armed, accoutred, and equipped than any 
forces then known in the civilised world, would emerge from our plateau into the 
inhabited plains around, and would observe houses and towns for the first time. It 
is even alleged that some of them had never seen cultivated crops before. 

In this state of existence the temptations to depredation of all sorts were 
excessive, and the danger from the climate, the savagery of nature, and the wild 
beasts, was always imminent. Consequently the Mongols were obliged to hold 
themselves together by the cohesion of families, clans, and tribes. Thus by the 
force of circumstances a social organisation was established which proved the foun- 
dation of a military discipline suitable to the genius of the people, almost self-acting, 
and unfailing even in the remotest expeditions. The horses, too, upon which the 
Mongol warriors mainly depended, naturally fell into the training; being always 
turned out to graze in herds, they habitually kept together, and the field manceuvres 
fixed habits which had been already acquired. It used to be remarked that a line 
of Mongol cavalry was like a rope or a chain, perfectly flexible but never parted. 

The Mongolian food included little of cereals or vegetables, but consisted mainly 


of cheese and meat. For stimulating drink there was the fermented mare’s milk. © 


The name ‘koumis’ or ‘prepared milk, apparently much esteemed medically now- 
a-days, is a Mongolian word. Manifestly, men thus nurtured could live in the 
saddle day and night, carrying with them their sustenance in the smallest compass, 
and scarcely halting to eat or drink. Thus the hardihood evinced on protracted 
marches, which would otherwise be incredible, can be accounted for. 

It is probable that this diet while sustaining vivacity produced also a violence 
of disposition. Certainly, ruthlessness, cruelty, indifference to suffering characterised 
the Mongols and marred the effect of their grand qualities. Massacres, holocausts, 
conflagrations marked their warlike operations, Even famines and epidemics have 
hardly done more for depopulation than the Mongol conquests. A Mongolian 
chief weuld say that the keenest enjoyment in life was to stamp upon a beaten 
enemy, to seize his family, and despoil his encampment. 
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~" It is not the purpose of this address to describe the policy of the Mongols or the 
institutions which they founded in conquered countries. A few salient points only 
have been indicated in reference to the geography of our plateau. It is here, near 
what is now known as the upper region of the Amur, that the Onon, the Orkhon, 
and the Kerulen, classic streams in Mongol story, take their source. Here is the 
site of Kara Koron, the emperor’s head-quarter encampment. Here the Kurultai 
assemblies were held to decide the fate of nationalities. Here were the camps, the 
Urts, and Urdus, rude names at first unpronounceable in the civilised world, but 
soon to become terribly familiar. Here were the hordes mustered under their 
banners, each standard having its distinctive colour, the supreme ensign being, 
however, the yak’s tail raised aloft. Hither, also, the corpse of Chinghiz Khan was 
borne in a cumbrous catafalque, dragged through the deep loam by oxeu yoked 
twenty abreast, while his henchmen chanted a dirge which was a pathetic effusion 
from the heart of a valiant nation, and was full of poetic images drawn from the 
Mongolian surroundings. 

In the sixth place, though our plateau has possessed, and still possesses, some 
patches of fine cultivation, such as those in the Upper Tarim basin, near Yarkand 
and Kashgar, and some near Lhassa in Tibet, still it has comparatively but little of 
agriculture, of trade, or of industry. Nevertheless it has many natural resources of 
value and interest, while its pastoral resources have proved astonishing. Its breed 
of horses, though by no means the finest, has yet been quite the largest ever 
Imown. These horses have never displayed the beauty of the Arabian or the 
size of the Turkoman breed. They are middle-sized, and do not attain the 
speed of thoroughbreds. But in nimbleness amidst rugged ground, in endurance 
over lengthened distances, and in preserving their condition with scanty nourish- 
ment, they are unrivalled. Their numbers too may well exercise the imagina- 
tion of modern breeders. For many years the Tartar emperors maintained in the 
field at least 500,000 cavalry, for which the horses were drawn chiefly from our 
plateau. This enormous cavalry force was engaged in fighting over an area of 
many thousand miles in length and breadth, during which operations much desperate 
resistance was encountered. It was occupied in steep ascents and descents, in 
traversing deserts, in crossing frozen lakes, in swimming rapid rivers. How vastly 
numerous then must have been the casualties among the horses, and how immense 
the breeding studs. The pasturage too was so potent in nutritive qualities that 
ordinarily there was risk of animals suffering from repletion, and emaciated crea- 
tures rapidly gained flesh and strength. 

In other respects too the fauna is noteworthy—the sheep and goats, with wool 
or down of the softest texture—the buffalo herds and the yaks inured to the 
sharpest cold—the gazelles careering in thousands—the untameable camel of the 
desert having a speed and agility unknown in other species—the wild asses and the 
white wolves—the waterfowl at times like clouds darkening the air. 

The flora too, though less abundant, has its specialities—the pointed grasses 
sharp enough to pierce leather, the gigantic rhubarb, the magnificent holly, the 
branching juniper. 

The mineral resources of the Kuen-lun are certainly enormous; nobody yet 
Inows how great they may prove. Indeed our plateau is remarkable for its 
antimony, its sulphur, its saltpetre, its borax, its gold-washings, its turquoise, 
and its classic jadestone. 

In the seventh place, the field offered by our plateau for scientific research will 
be apparent from even a cursory consideration of the stage to which our knowledge 
has reached, From the second of the two diagrams, which shows in deep pink 
those portions of Asia that have been professionally surveyed, in light pink those 
that have been roughly surveyed, in lighter pink those that have been explored 
only, and in white those that are unexplored—it will be seen that almost, the 
whole of our plateau is unsurveyed, and that while much of it has been explored 
more or less, some portions yet await exploration. For some time, however, it has 
been the sphere chosen by many among the most skilful, enduring, and intrepid 
travellers of Europe. The journeys of the Russian Prejevalsky in the Tarim basin 
and Mongolia, of Potanin and Rafailoff in the same region, of Malussoyski near 


620 REPORT—1882., 


Kobdo, of the French missionaries Gabet and Huc in Mongolia, of Father 
Desgodins in Tibet, of the German Schlagintweit in Turkestan, of the Englishmen ~ 
Forsyth, Trotter, Johnson, Shaw, Hayward in the Tarim basin, of Wood in the 
Pamir, of Ney Elias in Mongolia, of Dilke and Delmar Morgan in Kulja, of Bogle 
and Manning in Tibet, while teaching us much, have yet left our minds dazed with 
a sense of what remains to be learnt. Even the trigonometrical determination of the 
Himalayan summits by the English Surveyors-General, namely, Everest, Waugh, 
and Walker, the researches of Easevi, Stolicska, Godwin-Austen, Thomson, 
Biddulph, in the same quarter, and the Siberian surveys by the Russians among 
the Altai and Tian Shan mountains, have brought us only to the verge of half- 
discovered or undiscovered countries. The greatest unexplored region in all Asia, 
namely the Kuen-lun range, lies in the very heart of our plateau. It is remarkable 
too that if the principal geographical problems awaiting solution in Asia be speci- 
fied, such as the true and ultimate sources of the Hoang-ho, the Irrawaddi, the 
Salwin, the Mekhong, the relation of the San-po with the Brahmaputra, the con- 
necting links between the Kuen-lun and the Chinese mountain-chains,—they will be 
found to concern our plateau. 

At a few points only has our plateau been penetrated by geological surveys, 
namely, in some parts of the Altai and at the western end of the Thian Shan; 
and these surveys are Russian. In the Himalayas, the Karakuram, and the 
Western Kuen-lun, the geologists of the Indian Government have begun their re- 
searches. But the formations, the strata, the upheavals, the denudations, the 
fluvial action, awaiting scientific examination, are indescribably great. A notion 
of some of the questions inviting inquiry from the geologist and palxontologist 
may be gathered from what has been already said under previous headings in 
respect to the general desiccation and the subsidence or evaporation of the 
primeval waters. 

To the naturalist few regions present more surprising opportunities for the 
observation of the coming, the resting, the departing of migratory birds. 

To meteorologists many of the natural phenomena must prove highly interesting 
—the causation of the wondrous dryness, the eflects produced on animal comfort 
by the rarefaction of the air, the mummified bodies dried up without undergoing 
putrefaction, the clouds of salt-particles driven along by furious gusts and filling 
the atmosphere, the fires in the parched vegetation of the desert, the spontaneous 
ignition of coal-beds, the caves emitting sulphurous gases, the rocky girdle of 
syenite bounding the Gobi desert, the gradual contraction of the glaciers, the 
ordinarily rainless zones sometimes invaded by rain-storms with a downpour lilie 
that of the tropics. 

In the eighth place, our plateau is now under one imperial jurisdiction, and 
offers many problems for social inquirers. It belongs entirely to the Chinese 
empire with the exception of one small tract where the Russian authorities have 
crossed the mountain border. The geographical features for the most part favour 
national defence and territorial consolidation. The old Chinese Wall is still suitable 
to the political geography of to-day. In the Zungarian strait, however, in the 
Ti valley near Kulja, perhaps, also, in the line of the Black Irtish, near Zaisan, the 
Chinese empire, in its contact with Russia, has weak points strategically, or chinks 
in its armour. Though the plateau was originally under the Chinese suzerainty, it 
became, under the Mongolian emperor Chinghiz Khan and his successors, the mis- 
tress of China, as indeed of all Asia and of Kastern Europe. As the Mongol power, 
however, shrunk and withered, the Chinese re-asserted themselves. At length, 
under a dynasty from Manchuria outside our plateau, the Chinese became lords over 
the regions within its limits. The Zungarian tribe of Eleuths rose, and after severe 
military operations were suppressed. The Muhammadan inhabitants of the Tarim 
basin rebelled against the Chinese Government, and for a while maintained an 
independent principality for Islam. 1t was during this time that the British 
sovereign sent an envoy to Yarkand to conclude a commercial treaty, in 1873. 
Subsequently the Chinese broke down this rising independence, and the whole 
region of the Tarim receives its orders from the emperor at Pekin. 1 

The decline and fall of the Mongol empire, the disruption of that wide-spread 
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dominion, like the breaking up of the ice on its own frozen rivers, are historical 
themes beyond the scope of this address. But the changes which have gradually 
come over the national character of Mongolians are cognate to the studies of 
geographers. As already seen, the annals of the Mongols reveal one of the many 
examples of the theory of causation, explaining how geographical surroundings 
mould or affect the human character. There remain the mountains, the sea of un- 
dulating uplands, which are still among the few important regions not essentially 
modified by human action. The pine forests, though hardly intact, have not been 
extensively cleared. There is the dread desert—where to the ears of superstitious 
Mongols the roll of the mustering drums and the shouts of victorious battle are 
audible—which has engulfed in sandy waves additional tracts once produc- 
tive. The pastoral resources, the nomadic diet and exercises, the social arrange- 
ments, are in kind the same as of yore, though perhaps modified in extent or degree. 
The short-lived heat may perhaps be gaining strength as the ages advance ; but the 
winters must be nearly as long and hard as ever. Thus the same physical and 
climatic conditions which once caused the Mongolian nation to become one of the 
mightiest engines ever directed by man are still surrounding the politically degene- 
rate Mongols of to-day, who are best represented by the tribe of Khalkas. Once 
audaciously ambitious, the Mongols are now sluggish and narrow-minded ; once 
passionately fond of an independence as free as their mountain air, they are now 
submissive to the domination of races formerly despised by them as inferior; once 
proud of a tribal organisation and a voluntary discipline which wrought world- 
renowned wonders, they are now split up into factions like a faggot of sticks 
that has been unbound. A man who, though the feeblest of pedestrians, grips 
with his bowed legs the saddle of the most restive horse as with a vice, is all that 
remains of the historic Mongol. It is for the social inquirer to determine what 
have been the circumstances counteracting the climatic and local causes which 
made this nation potential in moulding medieval history. 

Here too may be observed the tendencies of Paganism, Buddhism, and Mu- 
hammadanism respectively. Of all regions our plateau offers the best means of 
studying Buddhism, which still counts more adherents than any other faith. 
Though the mid-Ganges Valley was the birthplace of this widespread religion, and 
was for ages regarded by pious Buddhists as their holy land—yet during recent 
centuries the active centre of the faith has been in Tibet. Of the four incarnations 
of Buddha now held to exist, three are within our plateau, namely, two in Tibet 
near Lhassa and at Teshu Lumbo, and one in Mongolia at Urga, near the spot 
where mounds attest the burial of heaps of slain after one of Chinghiz Khan's 
earliest battles. In Tibet may be seen to the best advantage those religious cere- 
monies, the sight of which has always attracted the observation of Roman Catholic 
missionaries. 

In conclusion, this brief summary of our geographical knowledge regarding the 
plateau of mid-Asia is provisional only. For it avowedly deals with rezions 
mostly unsurveyed and seldom even explored completely. Further exploration or 
discovery therefore may reverse some of our specific conclusions, or may modify the 
current of our topographical ideas, It is probable indeed that there will be such 
changes, inasmuch as almost every investigation within this vast area has revealed 
something unimagined before, or has caused disbelief of something previously 
believed. This address, then, is limited to a résumé of things imperfectly known, 
with a view of bringing into strong relief two matters which are unquestionable, 
namely, the importance of our plateau and the grand field it offers for research. 
If the public consideration of these matters shall induce inquirers to direct their 
enterprise towards this grand region, we may hope that by degrees the errors in 
our facts may be removed, the misdirection of our conclusions remedied, the vague- 
ness of our notions made definite. At present the physical obstacles in the path of 
such inquiries are so grave as to be almost deterring. But they do not finally 
deter those who after forethought decide to brave peril, distress, sickness, suffering, 
in order to enlarge the bounds of knowledge. Each inquirer, however, has the 
consolation of reflecting that he makes the rough ways smoother for those who 
shall come after him. Kvyery journey that is accumplished must facilitate successive 
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discovery in the same line of country. Probably as fast as one line is made good 
geographically fresh lines may present themselves, and new vistas will be opened 
to the astonished gaze of geographers. At length, with all the constancy and 
courage which arduous travel never fails to inspire, the inquirers of the future will 
doubtless explore this plateau till it becomes as well known as the Alpine regions 
of Europe. 


The following Papers were read :— 


1. Some points of Physical Geoyraphy observed during a recent tour round 
South America. By Joun Batt, M.A., F.R.S. 


2. On the Geographical Evolution of the Tanganyika Basin. 
By Josurn Tuomson, F.R.G.S. 

The keynote of this paper is struck by a reference to a recent lecture of Dr. 
Archibald Geikie, to the Royal Geographical Society, in which he points out that 
the days are now over in which the scientific geographer is content with the simple 
description of the superficial aspects of the various regions of the globe. He must 
also know how they came to be, and what they have been in the past. This line 
of inquiry is applied by Mr. Thomson to the lake regions of Central Africa, but 
more particularly to the Tanganyika Basin. In the first place he presented a bird’s- 
eye view of the lake regions from the Indian to the Atlantic Ocean, bringing into 
relief only the most prominent features of the geography, but describing more in 
detail the aspect of the Tanganyika Basin, round which the chief interest centres. 
From a description of these purely superficial matters he proceeded to describe what 
these have been in the remote past, and the manner in which they have been 
evolved, being of course compelled to call in the assistance of the sister science 
geology. 
es The conclusions he arrived at as to the primary origin of the region were, from 
purely hypothetical considerations, based on the theory of a shrinking nucleus, and 
the necessary effects on the earth’s crust arising therefrom. At a later stage, 
however, he was able to appeal to the rocks themselves as to the aboriginal con- 
ditions of the African continent south of the Equator, These, according to 
Mr. Thomson, prove the existence of an immense central sea cut off from 
the ocean by the elevation of the continent, and which was almost conterminous 
with the present drainage area of the Congo. An elevated ridge was upheaved 
along the eastern boundary of this sea, the origin of the trough of Tanganyika, 
by the collapse of the centre of this ridge and the central sea, subsequently drained 
away to the west, leaving Tanganyika isolated. Mr. Thomson then proceeded 
to describe how its secondary characters arose, and its scenery was moulded, by 
the action of sub-aérial denudation on rocks of different powers of resisting 
the decomposing and eroding agents, and explained the curious marine-like type 
of its shells, the origin of its outlet, the Lukuga, the freshening of the water of 
the lake, and finally the curious intermittency of the outflow. 

The various stages in the evolution of the Tanganyika Basin were summarised 
as follows :— 

The first appearance of the future continent, he had been led to believe from 
various theoretical considerations, was the appearance of a fold of the earth’s crust; 
bounded by two lines of weakness converging towards the south, which fold 
gradually rose till it appeared above the ocean, first along these two lines of 
weakness, in the form of a series of islands, which finally joined, enclosing in their 
centre a large part of the ocean. This enclosed water area formed a great central 
sea, and the enclosing land along the lines of weakness is now indicated by the 
east and west coast ranges. 

In the second stage the continent of Africa south of 5° N. latitude presented the 
outline of the continent of to-day. 

The third stage showed the central plateau with the great central sea very much 
diminished in size and almost coinciding with the present Congo Basin. There was 
as yet no evidence of the existence of Tanganyika. 
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After an enormous period of undisturbed deposition of sand in the sea, the 
fourth stage was ushered in by a period of great continental convulsions. On the 
line of the future Tanganyika a huge boss of rock was intruded into the throbbing 
crust, and the surrounding region elevated to a considerable extent, followed by 
the subsequent collapse of the body of the elevated area originating the great abyss 
of Tanganyika. 

The fifth great stage was marked by the formation of a channel through the 
western coast mountain, causing the draining of the great central sea, which 
immediately became the inner drainage area of the Congo. 

The sixth stage then saw Tanganyika isolated as a lake by itself, from which 
time dates the moulding of its present scenery, the formation of an outlet, the 
freshening of its waters, and the lowering of its level, and finally the intermit- 
tency of the lake’s outflow was explained by the probable fact that the rainfall and 
evaporation nearly balance each other in ordinary seasons. 


3. On the Royal Geographical Society’s Map of Eastern Equatorial Africa. 
By EH. G. Ravensruin, /.2.G.S. 


The map, the construction of which had been intrusted to Mr. Ravenstein by the 
Council of the Royal Geographical Society, was intended to embody, in a tangible 
manner, all the information that had been collected up to the time of publication. 
Large as had been the number of African explorers, much yet remained to be done 
before our knowledge, even of the more accessible parts of Africa, could be looked 
upon as satisfactory. Apartfrom the line of coast, where the minute surveys of 
Captain Wharton and others afforded an excellent base, there were but a few isolated 
localities which had been determined in a trustworthy manner by astronomical obser- 
vations. On the Upper Zambezi, Livingstone, Mohr, and Serpa Pinto differed in their 
results to a very serious extent. Between Zanzibar and Tanganyika the only point 
satisfactorily determined was the capital of Unyanyembe (which Speke observed), 
whilst the delineation of the lake depended upon Captain Cambier’s determination 
of Karema. Von der Decken’s expedition had supplied trustworthy information as 
regarded the position of Kilimanjaro and other points nearer the coast. In Southern 
Abyssinia, M. d’Abbadie’s network of triangles, supplemented as it had been recently 
by Cecchi and Chiarini, afforded an excellent basis for mapping a wide stretch of 
country. The exact determination of the course of the Upper Nile we owed to 
Captain Watson, R.E.,; who was fortunate enough to observe a transit of ‘ Venus,’ 
whilst at Gondokoro, in 1872. It resulted from this observation that Khartum lay 
eight miles to the east of the position assigned to it by Captain Bizemont, a change, 
sanctioned by the careful surveys made between El Fashr, Khartum, and Dongola 
by the English engineers working under Mr. Fowler. Good longitudes were few 
and far between, but latitudes were fortunately very numerous. 

As to altitudes, the results were most discordant, and differences of 1,000 feet 
in a total altitude of £,000 were by no means rare. The establishment of permanent 
studies by the French and German African Associations would no doubt render 
future observations for height more trustworthy. For the present, he thought we 
were safe in assigning to Tanganyika a height of 2,700 feet, whereas the Victoria 
Nyauza lay probably at an elevation of 4,000 feet. 

After a rapid examination of the principal explorations which had yielded 
materials for the map, the vast region stretching along the eastern margin of the 
Victoria Nyanza right away to Southern Abyssinia and Harar was pointed out as 
the vastest and most promising field of exploration in Eastern Africa. 


4. On Senegal, Gambia, and the Gold. Coast. By Commander V. L. 
Cameron, R.N., O.B. 


SATURDAY, AUGUST 26. 
The Section did not meet. 
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MONDAY, AUGUST 28. 
The following Papers were read :— 


1. The Deserts of Africa and Asia. By P. pp TcHrmatcHer. 
See Reports, p. 356. 


2. On Merv. By EH. O'Donovan. 


Starting from Kelat-i-Nadiri Mr. O'Donovan travelled to Archengau, and thence 
northward to Kahka, a considerable walled village of 5,000 inhabitants, His next 
station was Dushakh, or Chardéh, twenty-five miles distant to westward, and beyond 
it, some thirty-five miles, the Tekke colony of Méhna. From this latter he started 
direct for Mery. The ground up to the banks of the river Tejend was flat, partly 
cultivated, and cut up in many places by the beds of old irrigation canals. The 
river itself, about fifty yards wide, had cut a shallow ravine some twenty feet in 
depth. The water was sufficiently low in that month (March) to allow the stream 
to be forded, though with difficulty. Trees of various kinds grew plentifully 
along it, and drift wood had accumulated at places in great quantities. The plain 
beyond was marly and overgrown with tamarisk bushes. The only water met 
with was a very brackish well at Shahidli, about half-way between the Tejend and 
Murghab. Some miles further on were the ruins of a large caravanserai at a place 
called Dash Robat, and then the inhabited oasis was reached, everywhere dotted 
with groups of beehive-shaped huts, fifteen feet in diameter, and twelve in height. 
Through its midst the river Murghab flowed, and at adam at the southern end 
of the Tekké territory two canals branched off, the Alasha to the west, the Novur to 
the right. These ays the irrigation trenches of the ground occupied by the 
Toktamish and Otamish Turkomans, the first settled on the eastern, the second 
on the western banks of the river. The Merv oasis is some forty-five miles in 
length from north to south, and thirty-five in breadth. Numerous groves of fruit 
trees surround the villages. The staple products are corn of various kinds, melons, 
cows, sheep and goats. Manufactures there are none, save that of hand-made 
carpets, which are exported to Persia and Bokhara in very limited quantities. 

On the eastern margin of the oasis are the ruins of the old cities of Merv. The 
oldest is named Giaour Kala, and is about 900 yards square. The ramparts are 
forty feet in height—huge earth-banks in fact. This was destroyed by the Arabs, 
A.D. 666, The next in age of the cities is named at present Sultan Sanjar. The 
walls are in a good state of preservation. Their circuit is about 2,500 yards. In 
the midst of the enclosed space stands the lofty domed mausoleum of Sultan 
Sanjar. The town was taken and ruined in the thirteenth century by a son of 
Genghis Khan. The third and latest city, destroyed nearly a century ago by the 
Bokharians, stands close by, and is named Bairam Ali. A little to the northward 
are the remains of an extensive entrenchment, called by the Turkomans, Iskander 
Kala, or the fort of Alexander, These ruins, situated but 1,000 yards apart, 
are entirely uninhabited. The population of the Mery oasis is estimated at half a 
million, which is probably not an excessive computation. The two great divisions, 
the Toktamish and Otamish, are governed by two hereditary chiefs, that of the 
Toktamish being the senior and taking precedence at the médjlis or general 
council of the elders of the nation. 

The soil of Merv is very fertile, as is also that of the country far and near on 
every side of it, and were it not for lack of water the entire plain from the Oxus 
and Mery to the Caspian might be highly cultivated, for the desert is not a sandy 
one, but of sun-scorched marl. 

There is now no central point like the Merv of old. The only rallying point of 
the Turkomans is at Koushid Khan Kala, a great earthwork on the eastern bank of 
the Murghab at about the centre of the oasis. Here some 2,000 huts are gathered 
together, and here dwell the principal Turkoman chiefs. 
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3. On the Identification of certain Ancient Diamond Mines in India, 
By Professor V. Batt, M.A., F.B.S., F.G.S. 


The yague references to India, as the only then known source of diamonds, by 
the writers of 2,000 years ago, give place to more definite indications of position 
in Sanscrit works of the sixth century, and possibly of somewhat earlier dates. 
In the Barhat Sanhita a list of localities is given, but as the stones from some of 
the localities therein mentioned were copper-coloured, it is possible that they were 
not diamonds. 

In the Ain-i-Akbari (1590), and also less clearly in Ferishta’s History (1425), 
a locality named Beiragarh is referred to, which can be identified with Wairagarh 
in the Central Provinces, where the remains of ancient mines are still to be seen. 

The following localities mentioned by Tavernier (1665), had not been identified 
until lately, though various attempts had been made by Colonel Rennell and others 
since his time. Gani or Coulour is Kollur on the Kistna, Gani simply standing for 
Kan-i or mine of; Raolconda is Ramulkota in Karnul; Soumelpour was on the 
Koel river in the Palamow district of Bengal. 

Kollur would appear from Tavernier’s statement to have been the mine where 
the Great Mogul diamond was found. The same stone is perhaps identical with 
one mentioned by Garcias ab Horto, who wrote 100 years before Tavernier, but if 
so it must have been found several centuries before the time (fifteenth century) in- 
dicated by Tavernier. 

The author referred to several other early authorities, and to the mythical 
stories which are connected with the accounts of diamond-mining, for the origin of 
which he proposed explanations. 


4. The Geography and Meteorology of Kansas. By Lirron Forses, 
M.D., F.B.G.S. 


The author, who had had large personal experience in Kansas and Colorado, 
desired to point out some facts in the geography and meteorology of Western 
Kansas, which, perhaps, had not received all the attention they deserved. The 
physical conditions of this State, the most central of the Union, were in many 
respects peculiar. It was a land of undulating plains, almost as flat to the eye as 
Holland or Egypt. Its watercourses, its scil, and above all its climate, presented 
many points of interest, It would be perhaps impossible to find a country of equal 
extent where the physical changes produced by the advent of civilisation have been 
so numerous and so impertant. Not only has the fauna been in great part changed, 
but the flora also, as well as the amount of rainfall, and the general hygrometric 
conditions of the atmosphere. Not merely has the number of inches of annual 
rainfall increased, but it has also been more equably extended over a larger extent 
of country. The procession westward of the rainfall of Kansas in proportion as 
settlement has extended westward, is a most important fact. It may be due in 
part to the planting of timber, but is probably much more directly dependent on the 
immense acreage under wheat, indian-corn, and other crops, which afford protection 
to the earth from the sun’s rays, and so check a too rapid evaporation. A careful 
study of the changes wrought in the climate of Kansas by settlement might possibly 
aid in the solution of certain problems which have long presented themselves in 
some of the southern colonies of Great Britain. Many parts of South Australia 
and New South Wales assimilate very much to Western Kansas in soil and climate. 
Those countries have hitherto been considered as possessing too little moisture for 
agriculture, and as therefore fit only for grazing purposes. The same was said of 
Kansas some twenty years ago, but within that time very marked climatic changes 
have taken place. What settlement has effected in Kansas, it may equally well effect 
in Australia, with similarly beneficial results. The State of Kansas forms a rect- 
angular parallelogram, which measures about 400 miles from north to south, and 
about 200 from east to west, and contains over 82,000 square miles. Though to 
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the eye apparently one vast level plain, it is really a more or less elevated plateau, 
which slopes eastwards at an appreciable angle. The highest, or western portion 
of the State is about 4,000 feet above the level of the sea, while the average height 
of the whole country may be placed at about 2,375 feet. The main watercourse is 
the Arkansas River, which has a fall of about six feet in the mile. In spite of the 
absence of hills, Kansas is singularly free from marshland or swamps. ‘This is due 
in part to the friable nature of the soil, and in part to the natural slope of the 
land towards the east. What is known as the ‘ Great Arkansas Valley of South- 
Western Kansas,’ embraces a width of fifty miles, nearly the whole of which is 
sloping upland. The soil here is a sandy loam, of alluvial origin, and of great 
depth and fertility. A remarkable peculiarity of the Arkansas River is that it 
never overflows its banks, but, so to say, underflows them. The water filters 
through the gravelly stratum underlying the surface-soil of the valley, and may 
always be found by digging for it. 

From a meteorological point of view, Kansas may be said to be divided into 
three distinct zones, marked off by the amount of rainfall. In the extreme east, 
the rainfall assimilates itself to that of Missouri, and is ample for all purposes of 
agriculture. In the middle zone, which may be said to he in Central Kansas, the 
rainfall is less, but yet amply sufficient for all purposes of farming or pasturage. 
The vegetation here is extraordinarily profuse, and is subtropical in character. The 
third and last zone lies in the western and south-western portions of the State. 
Here the climate assimilates itself to that of Colorado, and the rainfall is insuflicient 
for agriculture, though sufficient for grazing purposes. It would seem, however, 
that the limits of the zone of moderate rainfall are constantly proceeding west as 
civilisation advances westwards. ‘Twenty-five years ago, the frontier of agricultural 
production was placed at about the 96th degree of Western longitude. Ten years 
later it had adyanced tothe 97th, five years later to the 98th, while to-day it may be 
said to extend to the 100th. Along with this advance the character of the flora of the 
country has appreciably changed. The ‘blue stem’ grass and other plants which 
require moisture haye displaced the buffalo or ‘gramma’ grass which is the natural 
covering of the great plains. Whether the procession of the rainfall will continue 
to adyance as heretofore, when once it has reached the 100th meridian of west longi- 
tude, may fairly be open to question. The prevailing winds from May to September 
are from the south and south-west. But inasmuch as the western limit of the 
Gulf of Mexico is in the 98th meridian, it follows that these winds must blow over 
the arid and thirsty soil of Mexico, and therefore will contain little moisture. 
Hence this western portion of Kansas must long continue to be an essentially dry 
country. Much, later on, may indeed be done by judicious irrigation, and some- 
thing possibly by artesian wells. Cultivation will no doubt in time modify the 
climate of Western Kansas, as it has modified that of Central. But the pro- 
cess will be slower and accompanied by greater difficulties. The past history 
of Kansas, however, forbids us to doubt that in time these difficulties will either be 
overcome, or will have ceased to exist. The people of Kansas are a remarkable 
class of settlers even for Western America. The settlement of the country has 
been helped much by excellent natural roads, and by a more than usually energetic 
and intelligent population. But after all it is really the railway which has made 
Kansas what she is to-day. It is the absence of this American energy and business 
enterprise which keeps large portions of our Australian colonies so far behind. 
The railways brought settlers to Kansas, and developed the country with a rapidity 
and thoroughness which would otherwise have been impossible. One railway has 
done it all. The history of the Atchison, Topeka, and Santa Fé railroad is really 
the history of Kansas. To the energy, the sagacity, the business acumen, and the 
capital of that corporation, the prosperity of Kansas is mainly due. This is an 
important fact which should not be lost sight of in some of our own southern 
colonies, whose physical and political conditions are much the same as those of 
Kansas were a few years ago. 
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5. The Spanish Territories of North America. By BH. Von Hnsse Warrtece. 


The completion of the new Southern Railroad line across the North American 
continent to the Pacific coast, within the last two years, opened to geographical 
explorers and travellers a new field of research and discovery, heretofore rarely 
visited and very little known on account of the great dangers and hardships of the 
long and tedious overland voyage thither. 

New Mexico and Arizona, centuries ago thickly inhabited by the aboriginal 
races—the Toltecs and the Aztecs—were afterwards made tributary to Spanish and 
Mexican rule, until they came under the United States’ Government in 1846. Even 
then these two south-western territories—comprising nearly 240,000 square miles— 
remained unexplored, some reconnaissances of the United States’ military officers ex- 
cepted, among which are those of Major Powell and Lieutenants Ives and Amory. 
New Mexico and Arizona, the oldest territories of North America, may therefore be 
called, with equal reason, the newest; and as they will evidently soon come into pro- 
minent notice, the author made them the object of a prolonged journey during the 
first month of 1882. 

Although on the same latitude, and bordering upon each other, they are very 
dissimilar in their general character, mostly on account of the Rocky Mountain Range 
and the distribution of the water-supply. 

New Mexico is by far the more fertile and more interesting of the two ; especially 
in the valley of the Rio Grande, the principal river of the territory, traversing it 
from north to south. This valley, in its general character, its population, ancient ruins 
and aboriginal habitations, its products and the manner of agriculture, possesses a 
certain similarity to Eeypt. 

The Pueblo (Town) Indians, inhabiting this valley and the neighbouring high 
Mesas, are the object of the greatest curiosity to every scientific observer, for they are 
undoubtedly lineal descendants of the great Aztec race, although some claim them to 
be of Toltec origin. The author spent considerable time in their fortresses and 
pueblos, and discovered many highly interesting details regarding their life, their 
origin, and their relationship to other races. The country around the Rio Grande 
is full of ancient pueblo ruins, of cliff-dweller houses, burial caves, hieroglyphic in- 
scriptions, and ancient stone implements. 

The highly fertile Rio Grande valley forms the nucleus of New Mexican wealth, 
population, agriculture, and traffic. The old Mexican and Indian inhabitants are 
doomed, and will soon be driven away by the industrious Northerners. The largest 
cities, including Santa Fé, the capital, Albuquerque and E1 Paso, lie in or near this 
valley. Most of the enormous mineral wealth of the territory is to be found in the 
mountain ranges on both sides of the river. ‘Towards the south the valley diminishes 
in extent and fertility, and enters at last a great cactus desert, called the Tornada 
del Muerto. 

The high plateau of the eastern half of the territory contains much arable and 
pasture ground admirably adapted for sheep and cattle raising. The western half 
of New Mexico in general character resembles Arizona, which is the most sterile of 
any State or Territory of North America, with comparatively very little agriculture 
in some of the valleys, and limited capacity for cattle-raising. The immense tract 
of land lying between the Rio Colorado and the Rio Gila (these being the two great 
rivers of Arizona) is nearly destitute of all water. The southern part of the terri- 
tory is little more than a desert, with occasional fields of giant cactus; the tempe- 
rature is mild and agreeable in winter, but of excessive and unbearable heat in 
summer. 

The great strength and the principal resources of Arizona are her enormous 
mineral wealth, including very rich deposits of gold and silver; also her scenery, 
which, especially in the northern part and along the Colorado canons, is unequalled 
in grandeur and weirdness. It will require more railways and settlers to develop 
the resources of Arizona, and overpower the Navajoes and Apache Indians, whose 
ravages are still occasionally severely felt by the settlers. 
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6. The Dominion of Canada, especially with regard to the Geography of the 
North-West Territory. By Cyriu Granam, C.M.G., F.R.G.S. 


TUESDAY, AUGUST 29. 
The following Report and Papers were read :— 


1, Report of the Committee appointed for the purpose of promoting the Survey 
of Eastern Palestine.—See Reports, p. 296. 


2. On some unexplored or little known parts of Persia. 
By Colonel Sir Outver Sr. Jony, #.H., K.C.8.0. 


This was an account of a journey by a partially unexplored road from Bushire to 
the interior, mainly interesting as being that by which the Persian army brought 
its guns to the coast in the war of 1856-7, and as passing through the country 
occupied by the Kashkais, the principal tribe of Toork nomads in Fars. Though less 
difficult than the ordinary route, it is rarely if ever used by caravans, owing to the 
want of water on one or more stages, and the liability to attack by the nomads. 
Leaving Bushire on March 8, the author, who was accompanied by Lady St. John, 
marched through Ahram to Khormuj at the foot of the mountain of that name, 
well known in the Persian gulf as a prominent landmark. Here the travellers were 
entertained by the chief of the district of Dashti, of which Khorwuj is the principal 
place. This part of the country had suffered little from the famine then raging 
owing to the staple diet of the people being dates, of which the harvest had been 
abundant, but the horses, the breeding of which used to be asource of considerable 
profit, had nearly all perished from bad or insufficient nourishment. Leaving 
Khormuj, Sir O. St. John marched to Laweh, whence a difficult pass, called the 
Tang-i-sehdar, ‘ The Defile of the Three Gates,’ brought him in two days to Kalima, 
only twelve miles from Ahram as the crow flies. The detour made was about 
70 miles, and was necessitated by the impossibility of getting loaded mules through 
the pass which directly connects Ahram and Kalima. This latter village, 1,000 
feet above the sea, is in the lowest of the terrace-like valleys intervening between 
the highlands and the coast. Two long marches brought the party to the large 
village of Farashband in the wide grassy valley, 3,000 feet above the sea, which 
occupies the second of the terraces, and forms the winter grazing-grounds of the 
nomad tribes of Toorks called Kashgais, from Kashgar in Central Asia, whence 
their ancestors emigrated into Persia, in the train of Jangis Khan or one of his suc- 
cessors. From Farashband the party marched N.W. along the valley to heyond 
Jereh, where they were entertained for several days by Ali Kuli Khan, the Ilbeg:, 
or second chief of the Kashgais. Concerning the manners and customs of this 
important and powerful tribe many details were given, which, however, do not permit 
of compression. On leaving the Ilbegi’s camp, a march of fifteen miles brought Sir 
O. St. John to the high road between Bushire and Shiraz, which is well known. 


3. On the various means of conmunication between Central Persia and the 
Sea. By Lieut.-Colonel J. W. Bateman Cuampain, R.L., F.R.G.S. 


The author began by drawing attention to the very defective means of loco- 
motion in Persia, and briefly described the troubles and inconveniences which travel- 
lers in this country are compelled to encounter. The Government pays little or no 
attention to the communications ; and the caravanserais, causeways, and bridges 
which exist are nearly always the work of private individuals, who leave them after 
completion to tale care of themselves. 

Persia is a country of about 600,000 square miles in extent, but with one excep- 
tion boasts of not a single navigable river or canal. It may be described as a 
plateau averaging from 3,000 to 5,000 feet above the level of the sea, and although 
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a great part is an unmitigated desert, there are in many parts valleys and plains of 
astonishing fertility. The general scarcity of water reduces the capabilities of the 
country and accounts for the sparseness of the population. 

The trade is, however, considerable, and might be vastly increased by the im- 
provement of the roads. After indicating the nature of the ordinary exports and 
imports, the author proceeded to point out how the trade from Russia is gradually 
superseding that from British sources, not only in the north, as might reasonably 
be expected, but also in the southern markets of the empire. 

The difficulties of the several trade routes from the Persian Gulf to the interior 
were then briefly described, and attention was directed to the natural facilities 
offered by the Karun river as a means of communication with the provinces of 
Shuster, Dizful, and other parts of Persia as yet scarcely touched by the European 
trader. Mohammerah, as the port of this route, possesses remarkable advantages. 
It commands two distinct means of communication with the Gulf, the Shat-el-Arab, 
and the Khor Bamushir, and the climate of the place is excellent. If trade by the 
Karun route were properly fostered by the Persian Government, Mohammerah 
might rival in importance its neighbour, the Turkish port of Bussorah. Reference 
was made to Captain Selby’s exploration of the Karun in 1842, and also to Mr. 
Mackenzie’s journeys between Shuster and Isfahan. This route has been travelled 
over again last November by Mr. Baring of Her Majesty’s Mission and Captain 
Wells, R.E., who have written very graphic accounts of theirtrip. Mr. Mackenzie 
thinks that the route between Shuster and Isfahan is far easier and better than the 
one now followed to the latter city from Bushire, through Shiraz ; and he explains 
how advantageous it would be to British commercial enterprise were this route 
opened up. Captain Wells, on the other hand, considers the difficulties of the direct 
road to Isfahan to be very formidable. In any case the establishment of regular 
steam navigation on the Karun would open out new fields, and commercial opera- 
tions would gradually but surely extend further inland. 

The only physical obstacle to the regular running of steamers on the river occurs 
at Ahwaz, and is fully explained in Captain Wells’s report and on his plan exhibited. 
Means are suggested for overcoming this difficulty by cutting a canal some 2,350 
yards in length from above to below the rapids—a work which presents no diffi- 
culties and would cost but little. The Persian Government has, however, so far 
shown itself distinctly opposed to the development of trade in this direction, and, 
actuated by a very short-sighted policy, refuses to allow foreign steamers on the 
river unless heavy, in fact prohibitive, taxes be paid as river and port dues. A 
little judicious and well-timed diplomatic pressure might probably remove this an- 
tagonistic feeling ; and, in the interests of Persia and with the object of promoting 
and extending British trade and influence in these regions, the author believed that 
friendly action should be taken by the British Government. 


4, On Tongkin and the new Approach to Yunnan. By D, Bovuucer. 
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Srction F.—ECONOMIC SCIENCE AND STATISTICS. 
PResIDENT oF THE Srctrion.—The Right Hon. G. Sctarer-Booru, M.P., F.R.8. 


[For Mr. Sclater-Booth’s Address, see next page]. 


THURSDAY, AUGUST 24. 


The following Reports and Papers were read :— 
1. Report of the Anthropometric Committee.—See Reports, p. 278. 


2. State of Crime in England, Scotland, and Ireland in 1880. By Professor 
Leone Levi, F'.S.A.—See Reports, p. 375. 


3. Report on the workings of the proposed revised New Code, and of other 
legislation affecting the teaching of Science in Hlementary Schools.— 


See Reports, p. 307. 


4, Statistical Account of Railway Accidents for the year 1881.' 
By the Rev. Dantet Acs, D.D., F.RA.S. 


During the year there were reported sixty collisions between passenger-trains 
and others, by which it would appear that of all modes of travelling that of railway 
is the safest. The casualties are few compared with the millions of passenger- 
journeys included in the reckoning of accidents arising out of the use of other 
vehicles, such as vans, carts, and waggons. 

Railway statistics show a comparatively small sacrifice of life in that class of 
accidents over which the victims cannot be supposed to have any control. It is 
here that the test of efficiency has to be applied, and although any sacrifice of life 
is to be regretted, the fact that only 23 passengers were killed by want of caution, 
or misconduct, or circumstances under their own control, out of the myriads who 
travelled on the railways of the United Kingdom last year, must be held to show 
a marvellous degree of skill and care in the working of the traffic. 

Upon examination of the statistics it will be evident that the suicides were 64, 
thus almost trebling the number of passengers killed by railway accidents pure 
and simple. But there were accidents to passengers from other causes than 
accidents of trains, including, besides accidents from their own want of caution or 
misconduct, those happening to persons passing over level crossings ; these amounted 
to 83 persons killed, and 82 injured. Level crossings, where they exist, are little 
better than man-traps. 

A feature by no means to be overlooked consists in the nature of accidents 
which befall the companies’ servants. That more than 500 of the subordinates 
should be killed in a single year is a serious matter, and must exhibit a very high 
death-rate if compared with the entire number on the staff, of whom signalmen 
should be protected from over-work and liberally remunerated. There were in 
the division mentioned 552 persons killed and 1,132 injured. Altogether the 
number of persons killed and injured on railways during the year ending De- 


1 Published in extenso by Hannam, Silver Street, Gainsborough, Lincolnshire. 
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cember 31, 1881, as ascertained by the Sixth Section of the Railways Act, amounted 
to 1,149 persons killed, and 8,676 injured. A Government inspector remarked 
when observing the fatality of railway servants, ‘that it was a scandal that sixteen 
consecutive hours of work should be exacted from any man upon whose vigilance 
depends the safety of the public,’ and whose momentary forgetfulness might 
occasion a fatal catastrophe. 


5. Agricultural Statistics, Tenure, and Aspects. By Wiittam Bort y, 
M.R.A.S.£. 


The author cited ficures showing that the quantity of food brought to Europe 
in the past year exceeded 8,000,000 tons, at a cost of 35,000,000/. sterling, for meat, 
and 85,000,000/. for grain; of the 35,000,000/. for meat, the United Kingdom paid 
26,612,000/.; being at the rate of 40 lbs. weight of imported meat to each in- 
habitant. Our consumption of grain is 607,000,000 bushels, our production, 
322,000,000 bushels. 

As regards produce per acre, England compares favourably with most other 
countries, though admitting we have some minutiz to learn from them, particularly 
in that of growing more fruits and vegetables, as a new and profitable departure 
inagziculture. With reference to the landholder, fewer restrictions as to cropping, &c., 
must be observed,—security of tenure, an equitable rent, with compensation for all 
unexhausted improvements, The tenant to have practical knowledge, ample capital, 
skill, and enterprise ; he must be a farmer—not a high-flying, sporting, racing, and 
betting man. The labourer must have a decent cottage, and garden-ground for 
vegetables, employing himself and family after hours, making him more respectable 
and far happier than spending his time and hard earnings in smoking and drinking 
at the alehouse. 

With those reasonable and equitable adjustments, a good market at our own 
doors, with more favourable seasons, the author spoke hopefully, concluding thus: 
‘T have no doubt as to a brighter future for agriculture. Westand Al in our yield 
of wheat, and are the largest consumers of meat in Europe.’ 


FRIDAY, AUGUST 25. 
The PresipEnt delivered the following Address :— 
On Local Government in Rural Districts. 


In selecting Local Government in the Rural Districts for the subject of my address 
I have no wish to transgress the rules of the Association, which eliminate contro- 
yersial politics from the materials for our discussions ; on the contrary, I am anxious 
to seize an opportunity which thus presents itself of securing for what is, or ought 
to be, a non-political question, the chance of being considered and examined in a 
non-political atmosphere. 

There are also some circumstances and arrangements to be found in the local 
government of the county of Hampshire, commonly called the county of South- 
ampton, which seem peculiarly worthy of notice by way of illustrating what is or 
may be the state of things under the existing law and practice. 

Those who desire to enter into the question of local government historically, 
analytically, and comprehensively, will find it dealt with ad ovo, and in an exhaustive 
manner, by my friend the Warden of Merton College, Oxford, in an excellent essay 
published by the Cobden Olub (in their volume for 1882). Such is not my inten- 
tion. I wish rather to take it up on the assumption that the actual facts of the 
case are more or less familiarly known to my hearers, and to offer some observa- 
tions, the result of my own knowledge and experience, which may direct attention 
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to certain aspects, hitherto little regarded, of what is undoubtedly a difficult and 
important subject, but one as to which, perhaps, we shall find, on examination, 
that the difficulty and importance have been exaggerated, confused, and obscured 
by misleading conceptions and imperfect appreciation of its bearings. 

Many people, and those not always the best acquainted by experience with the 
working of our local institutions, have committed themselves a little hastily to a 
condemnation of the chaotic condition and mischievous working of the existing 
system ; and these are just the class of thinkers who, from the bias of their minds, 
are impatient of anything short of scientific rearrangement and completeness, the 
bureaucrats of a centralising government, or the fanatics of political philosophy. 
The urgent need of a ‘root and branch’ change, again, has been exaggerated by 
the jealousies and rivalries of political partisans. 

In singular contrast with these it is interesting and profitable to notice how 
little the local authorities who are engaged in the administration of the rates, or 
the ratepayers themselves, have responded to the attempts which have been made 
from time to time, and particularly of late years, to get political capital out of 
these questions. Common sense and practical Inowledge teach them to mistrust 
platform oratory on such humdrum subjects, which attract little real interest 
amongst politicians; while they know from their own experience that many of the 
complaints (not all) are beside the mark, and instinctively feel that some of the re- 
medies proposed may turn out worse for their interests than the evils complained of. 

Ambiguous language in this, as in many other things, is the cause of a number 
of current fallacies. Local government means quite a different thing as applied to, 
firstly, rural, secondly, semi-rural, and thirdly to urban communities; but this is 
forgotten in the eagerness for uniformity and simplicity of system. The genius, 
however, of the English people is not favourable to a highly scientific organisation 
like that of the French, who have much more of the form, with less of the reality, 
of local self-government than is to be found in this country ; and even in France it 
required no less formidable an instrument than the great Revolution to obliterate 
the old names and landmarks which had prevailed during the monarchy. The 
demand for municipal government in our counties, which is derived, perhaps, 
from the present French system, involves the fallacious assumption that the sort of 
administration which is needed for towns is required, or even possible, in rural 
districts. 

If we find a thorough system of municipal government established for cities 
and towns, and provisions of law in constant and useful operation for the 
gradual introduction of the same into growing or inchoate urban communities, 
(which is really the case), it may fairly be argued that the rural and scattered 
population of the counties, whatever may be needed in the way of improved 
representation on their governing bodies, do not really require, and are not, in fact, 
in a position to profit from such local government as is primarily adapted to the 
wants of towns and cities, and such as is within their reach as and when the want 
of them is experienced. 

As population increases in compactness and wealth it begins, of course, to 
require municipal government for many purposes apart from the primary objects 
of police supervision and the maintenance of order. The householders in common 
council together find they can provide better and more cheaply through such 
means for their common health and wealth, for the cleanliness and convenience of 
their dwellings, and for the luxuries which rapidly become the necessities of town 
life, such as water-supply, lighting and scavengering of streets, sewerage, building 
regulation, fire-prevention, &c. These are objects which householders in rural 
districts must provide separately for themselves. Common to both are (1) police 
supervision, in so far as that service is borne or assisted by local taxation and 
management ; (2) road repair, though of a less expensive sort in rural districts ; 
and, (3) above all, the poor law administration, which forms the real difficulty in har- 
monising local government for town and country, and which stands in the way of 
those who fancy it easy to reconcile conflicting or intermixed local government 
areas. 

The Poor Law system, as we now know and have experience of it, was forced 
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fifty years ago on the attention of Parliament and the public by circumstances into 
which we need not enter, Under it the fifty-two counties of England and Wales, 
containing about 15,000 parishes, have been divided into about 650 unions, These 
were marked out and settled in a somewhat bureaucratic and centralising spirit, no 
doubt, but still with due regard to the essential object of convenient local adminis- 
tration, a convenience which could not be found in symmetry with county areas. 
County boundaries were, accordingly, disregarded to such an extent that fuily one- 
third of the unions overlap the borders of two, or even of three, counties. The 
desired objects were, nevertheless, for the most part attained, and may be compre- 
hensively stated under two heads: first, the interests of the poor—the possible 
recipients of relief—as regards the accessibility of the workhouse; and secondly, 
the interests of the ratepayers as regards economical management and equitable 
grouping of parishes in proportion to their greater or less rateable value, and to their 
more or less pauperised condition. 

To whatever criticism the mode in which these unions were laid out may be 
open in detail, and although there is ample legal power for their alteration and 
amendment, there can be no question but that they are so far stereotyped, as a 
great national settlement, that they do not admit of comprehensive re-settlement : 
not because of any difficulty in drawing an area map of the kingdom on different 
lines. or principles, or with more regard to county and other local boundaries ; but 
because the local interests which have grown up during half a century, and which 
have been recognised by innumerable Acts of Parliament, are bound up with them, 
and are of far greater importance actually, and still more from the point of view of 
those locally interested, than any importance which can be quoted as attaching to 
the county, or to central government considerations. 

Parliament has so far recognised this, and so far committed itself to the union as 
the administrative area of the future as contradistinguished from the county, that it 
has from time to time attached new functions to the guardians and new importarce 
and value to the district within which they hold sway. Briefly, they are as follows: 
1. Each union was composed originally of many parishes, which retained a certain 
amount of independent action, and, in particular, the right and duty of the valuation 
of property and its assessment to the local rates, These functions were transferred 
to the guardians of the union by the Union Assessment Committee Acts. 2. Each 
parish was originally made responsible for the cost of its own pauperism; but, by 
the Union Chargeability Act, not only was the expense spread equally, or, rather, 
ratably, over the union, but the management and control of the board of guardians 
as a whole over the pauperism of the union became greatly more effective. 3. In 
process of time, as the need for sanitary legislation became recognised, each union 
was made a separate and complete administrative area for sanitary purposes, with 
officers and machinery for carrying out the Public Health Act (which wisely dis- 
criminates between the rural and urban districts as regards the stringency and 
character of its provisions). 4. Each union has been more recently constituted 
a centre of administration under the Education Act, and is charged with the im- 
portant duty of enforcing compulsory attendance at elementary schools, and of 
paying school fees for the poor under certain circumstances. Here, again, it may 
be observed that Parliament has specially provided for the rural districts a machinery 
different from that which is adapted to the populous places where the School Board 
system may more properly prevail. 5. Hach union has functions assigned to it 
under the Registration Acts, and is charged with the important duty of enforcing 
primary vaccination over the whole kingdom. 6. Lastly, by the legislation of 
1877-8, the entire management of the highways of the rural districts has been 
placed within the power of the guardians, and the areas of highway management 
may become identified with those of the poor law unions. 

It may fairly, therefore, be laid down, that local government for the rural 
districts is actually or potentially provided by these means—that it is already too 
stereotyped to be shifted without such a wrench as would be of revolutionary se- 
verity, and too important, even if that were otherwise, to be subordinated or inter- 
fered with for any practical or theoretical objects which have as yet been assigned 
as a reason for the constitution of a system of county government, 
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County government has a very portentous sound, and the idea of it is plausible 
and attractive ; but when it comes to be examined, we find there is little meaning’ 
in it as at present exercised, muck that is of doubtful expediency in the proposals 
for its extension, and no slight fallacy in the idea that it ought to be, or indeed can 
be, converted into a system of ‘municipalities for counties.’ 

As to the facts, the counties appear, by the Statistical Abstract, to levy for 
county and police purposes about one and a half millions annually, of which total 
sum it is probable that the larger moiety is required for the latter and secondary 
object. It is, no doubt, an anomaly that this money should be levied and expended 
by persons who, though deeply interested in public economy, are not the elected 
representatives of the ratepayers. Meanwhile it may be noted that the sum of 
nine or ten millions, z.e. four or five times that amount, which is required for 
poor law, sanitary, and highway purposes, is exclusively raised and administered 
by persons annually elected by and responsible to the ratepayers. 

If, again, we further analyse the county expenditure, we find that as regards 
the police force, for which the larger amount is levied, the county authorities, like 
the town councils in boroughs, are only partners with the central government in 
respect of the pay and management, and are very much under the control of the 
Home Office for both. 

Of the county rate proper, which may be taken in round numbers at about 
750,0002., it is probable that about one-half is required for the repayment of loans 
raised to meet capital expenditure which has been made obligatory by Parliament 
under various statutes for the building and maintenance of prisons and lunatic asy- 
lums. Of the remainder, some is expended in discharge of duties imposed by statute 
in connection with coroners’ inquests, and in the salaries of the coroners themselves. 
Heavy expense is likewise incurred under the Cattle Diseases Prevention Acts, the 
Sale of Food and Drugs Act, and many other statutes; so that the margin of de- 
bateable expenditure on salaries of county officers, and on the repair of buildings and 
county bridges, amounts to a comparatively insignificant sum in comparison with 
the enormous amounts which are directly dealt with by the agency of the Board 
of Guardians, a body thoroughly representative of ratepayers. 

Those who desire to set up the county as an administrative machine for all 
purposes, and in relief of our overworked House of Commons, forget how little 
meaning the term and name of a county now has, except for political representation 
and for the administration of justice. What measure, indeed, for county govern- 
ment reform could be devised which could provide machinery uniformly applicable 
over such widely different areas, in point of size and circumstances, as Devonshire 
and Rutland; or for Lancashire and the West Riding, spotted over with number- 
less municipalities and local board districts, in common with Cambridgeshire or 
West Sussex, with their sparse population of small village communities? Further, 
the notion that county parliaments are, as county municipalities, to carry on public 
business, to vivify local life, and to relieve the overloaded shoulders of the House of 
Commons, is based on a triple fallacy. First, it is assumed that control exercised 
by such bodies over the subordinate areas of unions or highway districts and 
parishes would be welcomed in exchange for the control of the central government ; 
whereas they would probably be more unpopular, and certainly less effective. 
Secondly, it is forgotten that the requisite machinery for such an organisation and 
control could not be brought to bear without great cost and a multiplication of 
permanent county officers in continuous session at head-quarters. And thirdly, 
it is impossible to believe that the public opinion of the country would ever 
deliberately suffer the parliamentary function to be discharged by sixty or seventy 
local centres, taking different, and probably conflicting views of duty and policy. 
It would indeed be Home Rule for counties, with all the evil omen attaching to 
that phrase. Every consideration of prudent statesmanship points to the con- 
clusion that county government, if reformed and endowed with an infusion of 
the representative element, must be confined to the limited functions now exer- 
cised by the Courts of Quarter Sessions, together with such new duties as it 
may be found possible to devise without interference with the real and, on the 
whole, satisfactory work of the guardians, waywardens, and sanitary authorities, 
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which already are, to all intents and purposes, the municipalities of the rural 
districts. 

How nearly the system thus sketched out a priori may be brought into actual 
working under the existing law and practice, can be illustrated very well and 
appropriately by the state of things which prevails at this moment in the county 
of Southampton. 

The twenty-five poor-law unions into which Hampshire was divided fifty years 
ago, have been, with the exception of three or four parishes, only one of which is 
of importance, brought within the county area, The magistrates with wise fore- 
thought identified, many years ago, their own magisterial divisions with those of 
the poor law unions, and more recently they established, under the Acts of 1862 
and 1864, highway districts conterminous with the same administrative areas. 
Quite recently the guardians of several of these unions have taken on themselves, 
by a process permitted and encouraged under recent legislation, the office and 
duties of highway authorities. We thus have, in the county of Hants, twenty- 
five subordinate areas, completely exhaustive of the county map, the governing 
bodies of which are poor law guardians, sanitary authorities, valuers and assessors 
of real property, waywardens of the hichways, supervisors of public vaccination 
and of elementary education; and they discharge these multifarious duties for the 
ratepayers, to annual election by whom they owe their existence, and in the 
general interests of the public, on whose behalf Parliament has imposed them. 

These representative governing bodies levy and expend for the purposes above- 
mentioned a sum of about 300,000. annually, which is equal to a rate of about 
2s, 3d. in the pound on aratable value of about two and a half millions. The 
Court of Quarter Sessions, on the other hand, levies annually about 35,000/., in the 
shape of county and police rates, in nearly equal moieties. In other words, the 
ratepayers control directly about 2s. 3d. in the pound, while the magistrates expend 
about 4d. under these two heads. But, of the moneys levied for the county, apart 
from the police, one-third goes to the payment of debt; so that the other items of 
expenditure, including a heavy contribution to the cost of the main roads, is 
covered by a rate of about 14d. in the pound. The ratepayer’s grievance being thus 
exhibited in its true proportions, the problem for solution becomes difficult in pro- 
portion to its minuteness. On the one hand, it is undesirable to establish an electoral 
machinery more important and extensive than in proportion to the duties which 
have to be discharged; and, on the other hand, any attempt to add new obligations, 
or to establish a centralised county authority, having a status and jurisdiction 
paramount over the elective guardians, will be certain, as it becomes appreciated 
in all its bearings, to excite jealousy and alarm amongst those whose grievances 
it is presumably intended to redress. 

If I may venture, in conclusion, to draw a moral, it would be by way of caution 
and advice to those who may be desirous of taking up this subject, to inform them- 
selves exactly what alterations and improvements in our system of local areas and 
administration are permissible under the existing law, and then to inquire why 
they are so rarely effected. The fact is, that no such changes can be made without 
touching vested money interests according as the effect will be to increase or diminish 
the ratio of rateable value to pauperism; and this difficulty is aggravated where 
loans have been raised on the security of the rates. Besides this, the disturbance 
of local institutions such as must accompany departmental or legislative activity 
is always unpopular; and unpopularity in these days enormously facilitates the 
proceedings of the Parliamentary Obstructionist. The fate which has attended all 
the endeavours hitherto made to reform county government bears melancholy testi- 
mony to the influence of that formidable personage. 

It may be useful to give a few figures in particular illustration of the sums 
devoted to different heads of expenditure in the county of Hampshire, as regards 
the union area and the county area respectively. 
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Analysis of Expenditure in Poor Law Unions in the County of Southampton 
in the year ending Lady Day 1880. 
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Particulars of Expenditure out of the County Rate by the Court of Quarter Sessions 
for the County of Southampton in the year ending March 31, 1881. 
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Notr.— Other large items of expenditure are met, in whole or in part, by fees 
received, and by repayment from the Government. 


I have endeavoured in this address to state shortly, and as far as possible 
abstractedly, the conditions of an interesting problem in Political Science, without 
entering into speculative proposals for its solution, which belong rather to the pro- 
vince of debatable politics unsuitable for this occasion. I may, however, remark 
that the County Boards Bill, introduced by me on the part of the late Government, 
was designed on the lines above indicated, and that great care was taken in framing 
it to provide functions for the new authority sufficient to justify its existence, but 
not unduly intrusive on the functions of the unions and other local bodies. I may 
also point to the numerous measures of local government improvement which were 
passed into law by the late Parliament, as illustrating my own readiness to initiate 
well-considered changes and reforms. What I earnestly desire is that further 
legislation dealing with various branches of the subject (the need for which can 
hardly be exaggerated) shall be prepared and carried out in a similar, that is, in a 
sympathetic and not in an iconoclastic spirit, 


The following Papers were read :— 


1. On the Revenue from the Taxation of Alcohol. By Grorcz Bavren 
Powetl, M.A., F.R.A.S., F.S.S. 
At the present moment the question of raising revenue from the taxation of 


alcohol is of peculiar interest, not only as affecting general principles but also their 
practical application, 
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There is no better method of raising revenue than from the consumption of aleo- 
holic drinks. Itis, however, true that much alcohol is used for most proper purposes, 
as, for instance, in various manufactures, and even in consumption, wherever it is 
beneficially used as « food or as a medicine. There is too great a tendency to mix 
up with this the temperance question ; and consequent discussion is usually far too 
intemperate in character. There is no doubt that the calm scientific view tells us 
a nation may consume much alcohol, and at the same time enjoy the highest moral 
and material prosperity. It is not the use, but the abuse, of alcohol which destroys 
both these phases of national prosperity. 

In these islands we spend 120,000,0007. sterling in the year on alcoholic drinks, 
but no less than one quarter of this is a contribution to the general revenue. 

This source of revenue, however, is failing year by year (see table appended). 
Mr. Gladstone tells us the only balance he can discover is that people are drinking 
a little more tea and increasing greatly their habit of putting by savings. I wish 
to put forward two further explanations; (1) the great growth latterly in substitutes 
for duty-paying drinks—as of chicory for coffee, starch for cocoa, and so forth; 
(2) the enormous increase in recent years in the consumption of ‘ bottled waters.’ 
If we tax foods at all we should tax more especially those which are luxuries. 

In future years we shall probably continue to derive a considerable income from 
the taxation of alcohol, but it will not be so large as that we now obtain. It does 
not seem probable that this less income will be balanced by any absolutely equiva- 
lent decrease in the crime and pauperism that become charges on the general revenue. 
We shall have in some other way to obtain at all events some increase from other 
sources to balance the larger part of this falling off. 


Gallons of Revenue from | 
Bee Revenue from | Revenue per |, = Revenue from 
Year | ort net head | Alcohol in |nead of popula] PSR ARE COME | Tabacco in 
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Bak pide. | 
1866 4: 23° 15 6 29 63 / 
1867 41 24: 16 5 30 65 
1868 39 24: 15 10 ol 65 
1869 39 25° 15 10 30 65 | 
1870 4: 25: 15 10 30 66 
1871 41 26° 16 8 3°6 66 
1872 4:4 28° 17 35 6:8 
1873 46 30° Se, a4 7:0 
1874 4-7 32: 19 6 35 7:3 
1875 48 33° 19 9 38 74 
1876 4-9 34: 20 39 77 
1877 4:7 35° 19° 7 39 78 
1878 4:7 35° 19 3 4:2 8 
1879 4:3 33° 18 5 4-4 85 
1880 4:3 32: 16 10 39 86 
1881 39 30°5 16 7 41 87 


2. On the Taxation of Alcohol. By SrnpHun Bourne, F.S.S. 


The large share which the taxes on alcohol have in producing the public 
revenue—more than 80,000,000/. out of 86,000,000/., or thirty-five per cent.— 
renders the subject attractive to the economist, the statesman, and the statistician. 
At the present moment two circumstances combine to deepen this interest. The 
one is the necessity for increased taxation to meet the expenditure upon warlike 
operations, the other the change which is taking place in public opinion on the 
subject of temperance and abstinence. The recent addition to the Income Tax for 
the first purpose in the form of 3d. extra being deducted from the ensuing quarterly 
or half-yearly payments, or 1}d. on the whole year's income—levied and spent 
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within the six months—renders it, in fact, a tax of 8d. instead of 5d. for the half- 
year—an increase of 60 per cent. 

Were this principle applied to the 18,500,000/. raised on spirits, it would 
produce 5,500,000/. for the half-year. It must be admitted that this is an article of 
luxury—one that can be done without—and therefore that its payment is entirely 
voluntary. It must also be borne in mind that at least one-half of the taxes 
accruing from drink are expended by the State in preventing, punishing, and 
repairing evils the result of that drink being consumed; so that on every con- 
sideration the only limit to such taxation should be that which, being over-passed, 
would encourage illicit manufacture or importation. 

Wine, which produces 1,300,000/7., at present stands in a somewhat different 
light, and when unfortified, is the most natural and least injurious of all intoxicating 
liquors. Yet these duties are to be readjusted for political and economic reasons, 
and in so doing might be fairly made to yield 500,000. more, for at present the 
alcohol in wine pays at the rate of about 6s. on the proof gallon, while spirit 
pays 10s, It is quite right that alcohol should be more highly taxed when produced 
in a concentrated than in a diluted form. 

Beer partakes of the attribute of wine in its too low rating on the alcohol it 
contains—only 1s. 9d. per gallon—and to bring it up to a right proportion should 
be at least doubled. Yet as the poor man’s drink, and from long usage, it might 
not be possible to do this at once, although it should certainly be increased by 
fifty per cent., or, for simplicity of calculation, from 6s. 3d. to 10s. per barrel, thus 
raising some 4,500,000/. more. 

For various reasons these new or ‘consumption duties’ should be charged on the 
retailers, who are all licensed, and therefore under the surveillance of the authorities. 
It might be paid by them concurrently with or following upon the sale of the 
articles, and their thus having realised their value. This is a somewhat novel 
mode, but analogous to that of the income tax, which is not received until after 
the income has been accrued and has even been spent. The nature of the business 
requires a supervision which in other trades would be deemed inquisitorial, and 
which for its right conduct might well be combined with the collection of the 
duties; indeed there are many reasons why this double rating would be desirable in 
the interests of the Revenue. 

From these several sources the whole income to the State from alcohol, which, 
including licences, now exceeds 30,000,000/., would amount to some 14,000,0000. 
more. This gives an average contribution by each individual of 8s. per annum, or 
say 21. for each family—scarcely more than the price of a glass of beer per day for 
its head—by omitting which he might save the increased tax. Or, to take another 
illustration, seeing that on 120,000,000/. a year, which is estimated to be spent on 
intoxicants, the 14,000,0002. would be but one-ninth more, the moderate drinker by 
dispensing with this portion would only be making a fair sacrifice to the needs 
of his country, whilst the excessive consumer would be greatly benefited by this 
partial restriction in the extent of his potations. 

Whether, therefore, such a scheme should prove a financial success in raising 
the extra money—all of which, it is probable, will be wanted for Egyptian outlay— 
or from the check it would give to consumption fail to yield thus much, it is every 
way desirable. In the latter case it would achieve a moral success far outweighing 
all disadvantages, really saving to the country that proportion of its income which, 
though received with the one hand is disbursed with the other, to meet the results 
of the very consumption which produces the revenue. 


3. The Influences of the Beer Duty. By H. Srovss, F.G.S. 


Two years’ practical experience of the Beer Duty that replaced the Malt Tax 
shows the direct gainers to be:— 

1. The National Exchequer, Excise branch. 

2. The lowest section of the labouring classes, living in houses of a less value 
than £10 and £15 per annum. 
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8. The sections of the community that gain profit from other material than malt 
and sugar now used in brewing. 

The direct losers are :— 

1. Farmers. 

_ 2. Brewers, especially small brewers for sale. 

3. Maltsters. 

Indirect losers :— 

Landowners and the numerous sections of the people who more or less directly 
depend upon these losers. 

Experience is insufficient to accurately estimate the gains and losses, 

The points established are :— 

1. The present duty exceeds the old tax. 

2. The loss presses heavily upon men ill able to bear it, viz. farmers, smal 
brewers, and maltsters, : 

3. 'The moral and social disadvantages of the Gs. and 9s. licences, and the de- 
sirability of their suppression. 

4, The advantages of the ‘free mash tun,’ 

I. The present duty exceeds the malt tax by 2s. per quarter at least. Mr. Glad- 
stone admits this, and it is more clearly shown by the Parliamentary returns moved 
by Mx. Watney, giving details of the brewing trade to September 30, 1881. 

The old duty amounted to 22s, 8d. per quarter. The duty paid by all brewers 
making over 100,000 bls. of beer exceeded 24s. per quarter. By the two largest 
brewers it was 25s. Gd. per quarter. By the smallest it was 23s. 94d. This class 
used 667,440 quarters materials; the three largest brewers used 691,038 quarters 
materials. The duty on the latter amounted to £871,066 8s. 9d., on the former to 
£792,718 15s. 3d. ; if the bulks of material were equal, then the large brewers would 
pay £50,277 1s. 9d. more duty than the smaller ones. The apparent loss to the 
revenue of £92,000 per annum is accounted for by the material, exceeding 250,000 
quarters, used by the 110,000 6s. and 9s. licence-holders, paying only £46,000 instead 
of £300,000 if material paid as much as formerly, and also by the decrease in beer 
made last year upon the quantities brewed during the preceding six years. 

II. Farmers know now practically that the destruction of the monopoly in barley 
has lowered the average price several shillings per quarter. No reasonable change 
in the law can alter this excepting a return to the former regulations and malt duty. 
Protective tariffs on maize, rice, and sugar will not effect it. This loss at a time of 
depression is insupportable to many farmers. 

Small brewers are disappearing rapidly, and the whole trade is depressed, In 
1880 there were— 


Brewers making over over over Small brewers Total 

500,000 bls. of beer 100,000 bls. 1 000 bls. and beginners j 
1880 4 61 2,205 18,953 21,223 
1881 3 56 2,103 14,948 17,110 
loss in one year 1 5 102 4,005 4,113 


—a remarkable loss, almost entirely of small brewers. Decreased volume of business 
simply shifts back larger brewers a step lower. This diminution of numbers is a 
striking proof of losses to small brewers, caused by the beer duty adding directly to 
their burdens, and the 6s. licences depriving them of many lucrative customers, want 
of knowledge being the primary cause. The materials used by the 14,948 small 
brewers, if used by the three largest would have produced 166,360 bls. more beer, 
ee gross profit to Government of 50,2772. Is. 9d., and to the brewers of 
150,0007. 

Maltsters lose heavily also, but no statistics concerning them are now available. 

ITI. Class legislation is usually defective. Brewers now pay heavier duties. 
Ignorant labourers entirely escape after using 2 bushels of malt; they make very bad 
beer duty free, and spoil much costly material. The stimulus given to the truck 
system is also pernicious. Scientifically, cottage brewing is a mistake. These 
licences should be suppressed or material used by their holders should pay equally 
with that under all oer licences, 
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IV. Brewers with a free mash tun can make better beer more scientifically at 
less cost; natural laws regulating production prevent adulteration. Maize and rice 
are not adulterants, beer brewed from them being identical with, and as pure as 
malt beer. If the duty was reduced to its old level, the public would get better 
beer at less cost than at present. If farmers succeed in securing the protective 
mash tun, the advantages to themselves will equal those they have gained by the 
repeal of the malt tax, and the general community will lose more. 


4, The North Sea Fisheries. By O. T. Ousen, F.R.A.S., F.R.G.S. 


The author, who has laboured among the fishermen of the North Sea for nearly 
twenty years, clearly points out several very important facts in connection with 
these fisheries. He describes by name forty different fishing-grounds, where all 
kinds of marketable fish are caught. He also calls attention to a very extensive 
oyster-ground nearly 200 miles in extent and from thirty to seventy miles in 
breadth, containing inexhaustible oyster-beds, for which he recommends steam 
trawlers or dredgers. Reference to the chart published by him will show the 
situation of these fishing-grounds, and a very elaborate description of these banks is 
given in his ‘ Fisherman’s Seamanship.’ 

With regard to the fish itself, where, when, and how caught, bait, food, when in 
season, time of spawning, number of eggs, and the set of the tide in the North Sea, 
this is graphically described in the Piscatorial Atlas, nearly ready for publication. 

The fishermen of the North Sea must be an intelligent class of men, with 
a very clear conception of things pertaining to their trade, as their observa- 
tions show, found in the log-book which Mr. Olsen, in conjunction with the 
late Mr. Buckland, has sent out for the last three years. One fact may just 
be mentioned as communicated by them. In one particular spot in the North 
Sea they find fish more or less maimed or emaciated, and among them a very few 
splendid healthy ones. Now this is their idea: the locality is the hospital, the 
healthy fish are the nurses, and the flora found there a specific for their ailments, or 
an asylum from pursuit, in accordance with what is known of land animals. A very 
able description, regarding the depths of water and the nature of the bottom, followed, 
over twenty different kinds of soil being enumerated. Next, the author gave an 
account of about fifty different kinds of marketable fish, caught by the trawl, and a 
graphic history of this implement from its introduction to its present development. 
Previous to railways the trawling trade was of very little importance, but the great 
facility for the transport of fish has contributed much to its present magnitude. 
From open boats, of about ten tons, to modern smacks of from 80 to 100 tons, and 
costing from 700/. to 1,500/., nay even some with refrigerators and screw trawlers, 
costing up to 4,000/., is a great stride. 

The fishing fleet of the United Kingdom numbers about 40,000 vessels, carrying 
about 150,000 men, besides boys. Particular statistics are given in the Fisherman’s 
Almanac. 

These brave fishermen of the North Sea, the author stated, would be of invalu- 
able service for coast defence, and by his scheme could be organised and kept in a 
state of efficiency, even without cost to the State. 

From the foregoing it will be seen that the author has a threefold object in view, 
viz., the feeding of the nation, assistance to science, and the defence of this country. 


SATURDAY, AUGUST 26. 
The following Papers were read :— 


1. On Some Influences affecting the Progress of our Shipping and Carry- 
ing Trade. By Hyve Crarke, F.S.S. 


Taking the English tonnage engaged in the foreign tradeat 9,000,000 tons in 1850, 
and at 41,000,000 in 1880, ke proceeded to consider what were the causes to which 
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the increase was due. These he referred to the general progress of the world, the 
throwing open to commerce of the Pacific regions of China, Japan, California, &c., 
the colonization of New Zealand and parts of Australia, and the discovery of gold 
in California and Australia. These events had nothing to do with free trade or 
fair trade, and it was essential to regard the real conditions for a right understand- 
ing of them and the avoidance of misleading authorities. Another influence in 
our favour had been the revolution by which timber and hemp, as constructive 
materials of shipping, had been replaced by iron and steel, the former being im- 
ported from abroad, and the new materials, with coal for working, being of home 
production. In these materials too we had an advantage over many countries. 
Sailing vessels had been displaced by steam. It was a matter of moment in the 
economic condition of the nation that home resources should be applied, and in the 
result this produced enormous advantages. Our duty was to study all means by 
which our national wealth can be augmented under the most favourable condi- 
tions. 


2. Our Sailors—for Defence and Commerce. At Home and Abroad. 
By C. Prounves, F.R.G.S. 


As the great maritime nation of the age, it is necessary that we be prepared 
for all emergencies, and fully able to protect our ships and our territories at home 
and abroad. 

The separation between the seamen and officers of the navy and those of the 
mercantile marine is widening year by year, in consequence of the special technical 
training for all ranks in the navy. The naval reserve, merchant seamen, and 
volunteer naval brigades are not encouraged or supported. The national love of 
‘a sailor’s life’ is not fully developed and taken advantage of; and the merchant 
seaman is not rising in the social scale, but rather deteriorating physically and 
otherwise. 

Recent essays and discussions point more to the details of the education, &e., 
of the naval officer. The ‘seaman’ is treated asa very minor matter; and the 
capacity of our colonies to furnish a large contingent of the very best material is 
altogether ignored by the modern navy men. 

The thoroughly efficient, fully adequate, and economical provision of any requisite 
number of seamen appears most necessary, from a practical standpoint, as seen by 
one who has had personal experience amongst the classes that would give us the 
raw material. 

History and statistics point out what should be copied and what avoided, whilst 
fully considering the change in the condition of politics, society, ships and guns. 
Although not so much a military as a maritime people, we have greatly encouraged 
our rifle volunteers, but completely ignored, if not actually discouraged, naval 
volunteers; certainly in no way has a taste for sea life been fostered amongst our 
youths, and the time is not far distant when this negligence will produce disastrous 
results. Second-rate powers are forming navies, that combined would prove dan- 
gerous enemies, especially if allied to any ‘ great power’ we might be at war with. 
Remote China, or Japan, or even a South American republic, might send to sea 
vessels that would cause us serious trouble, if not actually inflict great injury on 
our shipping or distant possessions. 

In the mother country and the colonies there are thousands of men who follow 
a seafaring life, many men of means fond of boating and travelling, not a few men 
who have been ‘seafarers’ at one period of their life. There are numbers of pen- 
sioners, trained men capable of giving primary instruction; and there are tens of 
thousands of young men on the seaboard and inland, who would be glad to ‘volun- 
teer,’ if only this ‘ wealth of material’ were duly organised and received a fair meed 
of support and encouragement here at home and in our colonies, 
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MONDAY, AUGUST 28. 
The following Report and Papers were read :— 


1. Report of the Committee for inquiring into the present Appropriation of 
Wages and other sources of income, and considering how far it is con- 
sonant with the economic progress of the United Kingdom.—See Reports, 


p. 297. 


2. The Abstract Theory of tent. By F. Y. EpGEwortu. 


The writer attempts to present the Ricardian theory as a first approximation, 
at once requiring and required by a more accurate statement. 

Let a line, ov, represent by its parts the quantities of land of each quality. Let 
perpendiculars thereto represent amounts of labour and sacrifice expended upon 
land. On each unit rectangle of the plane, wy, erect a rectangular parallelopiped 
proportional to the corr esponding amount of produce. Then the total produce may 
be conceived as gathered into a barn of a peculiar shape. The highest point is the 
rectangular corner, 0. From this point the height of the straight walls, ov and oy, 
gradually diminishes down to a certain minimum height,2. The extremities of 
these straight walls are connected by an outer wall, in general curvilinear or stair- 
shaped, of the same minimum height. The figure is completed by a sloping roof. 
A level floor, of height 2, separates off a loft containing the landlord’s portion of 
the total produce. The rest of the building may be divided by another level fluor 
into two storeys, containing the portions of the capitalist-farmers and labourers 
respectively. 

Now, the total contents being unaltered, let the roof be raised. The height of 
the outer wall will be increased, the contents of the loft will be diminished. Again, 
the rcof being prolonged, but not otherwise altered, let the total contents be in- 
creased. The height of the outer wall being diminished, the contents of the loft will 
be increased. Let both roofs be raised and total contents correspondingly increased, 
the contents of the loft will be increased. And so forth. 

Of course these metaphorical statements are but grossly approximate. It is not 
possible to arrange lands as Nos. 1, 2, and 3, according to their productivity ; for 
productivity, being a relation between produce and expenditure, may, for one land 
as compared with another, be greater or less according to the different amounts of 
expenditure considered. Accordingly, the yz curves of our roof are not necessarily 
parallel. One may start at a great height, and descend rapidly, another begin low, 
and decline gently. Thus oreater expenditure need not correspond to greater rent. 
This holds not only as between different lands, but also the same land under dif- 
ferent cultivations. If, owing to improved cultivation, the same total produce is 
raised with less expenditure, rents need not be lowered ; even money-rents may be 
raised. Again, though the return to the last dose of capital will be just what the 
farmer could have obtained elsewhere by investment without trouble of manage- 
ment, yet the return to his whole farming capital will not be in the same proportion, 
but rather regulated by the condition that he cannot with advantage transfer himself 
and his capital to any other business. 

These and other exceptions, suggested mostly by Ricardo himself and his disciples, 
are calculated rather to fulfil than “destroy the Ricardian rule. The abstract theory 
is as it were a type-photograph of the diversified real forms. It is an approximation 
not only near to, but on the only way to, the full truth. Those who now sneer at 
the great discoverer, forget that without his general map they would never haye 
found out the region ‘of their petty explorations. 


3. The Ricardo Theory of Rent. By Atrruep Miinus, M.A., F.S.S. 


Various weak points may be observed in the Ricardo theory as generally stated 
and applied :—that great difficulty is experienced by skilled economists in main- 
taining their self-consistency with regard to it, as evidenced (e.g.) by certain 
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mistakes made by Nassau Senior—that it is isolated from the complex of social 
phenomena—that it does violence to the ordinary use of language, and thus excites 
distrust in the ordinary mind. This feeling is of importance, and justifies another 
attempt to restate the theory of rent, to which end the statements given hitherto 
must he classified. The Physiocrats may be omitted, as standing apart from our 
purpose, and a cyclic tendency in the teaching of some of our leading modern 
economists will enable the classification of ‘ post-physiocratic’ rent theories to be 
on an historical fundamentum divisionis, and four periods will be yielded :—1. 
Adam Smith; 2. Anderson, West, Malthus, and Ricardo; 3. John Stuart Mill, 
whose statement may be taken as the completed Ricardian phase of the question; 
4, Thorold Rogers and Bonamy Price. From the teaching of this fourth period as 
a starting-point, the journey is very short to what it is hoped may tend to a com- 
pletion of rent-theory—rent explained by reference to the Law of Equal Inducement 
to all employments. This law has a simple diagrammatic representation. Sundry 
anomalous payments may thus be brought under rent. 


4. On Artisan Education. 
By Professor Sirvanus P. Toompson, B.A., D.Sc. 


The author referred to his paper on ‘ Apprenticeship Schools in France,’ read in 
this Section in 1879, as giving information and statistics on the manual elementary 
schools, the factory schools, and the apprenticeship schools of France, which the recent 
preliminary report of the Royal Commission on Technical Education has described. 
The author claimed that no single new fact had been brought out by the report of 
the Commissioners, beyond the information that by a recent law it had been decreed 
that the education in such schools, as in all primary schools in France, should be 
gratuitous, and that manual training was now added to thirty primary schools in 
Paris. Reference was made to these manual schools as constituting a very im- 
portant extension of the Kindergarten system of teaching. The author advocated 
the introduction of manual training into primary schools; the making of primar 
education gratuitous ; and the necessity of making the experiment of establishing 
such schools in the smaller towns as well as in larger centres of industry. 


TUESDAY, AUGUST 29. 
The following Papers were read :— 


1. Railways—a Plea for Unity of Administration. 
By Epwarp J. WatHERSTON. 


The author stated that the British railway system had lately been considered 
by a Select Committee of the House of Commons, and already there was a demand 
for a new trial, on the ground that the verdict was against the evidence. Certain 
it was that the report of the Select Committee could not be accepted as a settle- 
ment of so important a question, so weak were the conclusions at which they had 
arrived. ‘To science the nation was indebted for the principle of steam-propelled 
trains, and now to science they must look for the administration of those under- 
takings. He summarised the complaints of the public and the replies of the 
companies. The Committee simply recommended that chambers of commerce and 
of agriculture should have a locus standi before the Railway Commission ; a uniform 
classification of goods; the recognition of terminal charges; additional powers to 
the Railway Commission ; the abandonment of canal control by railway companies ; 
and, lastly, the amalgamation of the railways of Ireland by direct Parliamentary 
action. Such recommendations, if acted upon, would only make confusion worse 
confounded, If unity of administration were desirable in the case of Ireland, it 
was still more desirable in the case of Great Britain, Looked at superficially, the 
number of 623,000,000 passengers carried in one year might seem large, but it was 
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really not so if the figures were properly analysed. The same argument applied to 
goods traffic. Two hundred and forty-five millions of tons was a high-sounding 
figure, but when analysed the amount was but small. Were the railways, as at 
present administered, fairly remunerative to the shareholders? The answer must 
be in the negative. The average dividend for the entire United Kingdom was only 
4-29 per cent. Hundreds of undertakings paid no dividend at all. The prevailing 
system was not altogether without its advantage to a section of the travelling 
public. No country in the world could show trains performing the journey from 
London to Edinburgh, 401 miles, in less than ten hours. Certainly in no other 
country could one travel 108 miles in two hours and a quarter, as was the 
case daily on the Great Western between London and Bath. Another advantage, 
although it was difficult to perceive any real national benefit accruing from such 
waste of power, was to be found in the fact that every morning and evening the 
traveller for the North had a choice of three different half-empty trains, all mag- 
nificently equipped, starting about the same time, and running at the rate of about 
fifty miles an hour, from Euston, St. Pancras, and King’s-cross. Competition, it 
was said, was good for trade and good for the public. But here one failed to see 
any beneficial result, inasmuch as the three companies had adopted the principle of 
“unity of administration’ as to the amount of their charges. In reality, not the 
shareholders, but the public, must in the end pay for wastefulness and improvidence 
in railway management; the loss must be recouped by placing ‘the million’ under 
contribution, taxing them in the shape of exorbitantly high fares. This was 
systematically dune by all our railway companies. Foremost among the disad- 
vantages must be reckoned the disastrous effect upon trade. At present our 
manufacturers are handicapped in competition with foreigners by the excessive 
rates for the inland carriage of goods, and by the cost of commercial travelling. 
We hear of rents badly paid, and of no rents at all—of farms even out of culti- 
vation. And yet there may be food at one end of a line of railway wanting 
mouths, and mouths at the other end wanting food, and it does not pay to bring 
the one to the other. Eccentricities of charges are observable on all classes of 
produce. The application of the principle of unity of administration, with the 
consequent lowering of rates and fares, would tend to equalise the value of landed 
property all over the kingdom. With cheap transport, the price of all commodities 
—food in particular—would naturally sink enormously, in fayour of the consumer, 
whereas its value to the producer would as assuredly rise. It is simply incalculable 
what the increase in value of landed property, removed from large centres of 
population, would be if railways were organised like the Post Office. Railways 
have doubled the value of many an estate, and they would quintuple it if they ceased 
to be matters of private speculation, and were managed in the interest of the 
nation. The advantages to the public include:—1l. The possibility of a general 
lowering of charges both for goods and passengers. Millions who now do not 
travel for want of means, would then come to fill the trains. That it would pay 
to carry these millions is quite certain. 2. The suppression, as far as possible, of 
what are called ‘accidents.’ Mismanagement is the cause of nearly all of them. 
In the single year 1880, the number of persons killed on the railways of the United 
Kingdom was 1,135, while the wounded numbered 3,959, Of this total, 546 killed 
and 2,080 wounded were railway servants. 3. A greatly improved system of 
postal services. If all our railways were under unity of administration every 
station could easily be turned also into a post office, when every train could be 
accompanied by a travelling postal carriage for the sorting of letters as well as of 
parcels. The progress of internal trade and the movement of population thus 
originated would probably not be less than that produced by the introduction of 
the railways themselves, when superseding the old stage coaches. 4. The position 
of shareholders would be improved. It must be remembered that we are dealing 
with a business yielding a gross return of 664 millions sterling; that the net 
divisible profits now amount to nearly 82 millions; that, under unity, large 
savings in administration would be possible; that an army of directors (who 
would clearly be entitled to compensation) would be dispensed with; that the 
cost of a clearing-house would be saved; that we should not be so foolish as to 
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maintain the impolitic tax upon railway travellers, now a charge of nearly three- 
quarters of a million upon working expenses ; and that, upon nearly 182 millions 
of ‘loans and debentures’ an enormous saying in interest would be effected, seeing 
that a railway trust could borrow at 3 to 3} per cent., instead of 4, 5, and 6, and 
eyen 7 per cent., as prevails under the present system. It would matter but little 
to proprietors whether income were derived from a 8 or 8} per cent. ‘consol’ 
stock, or from a 163 per cent. ‘Taff Vale’ stock, and if it were guaranteed, as 
shown by the late flutter among water shareholders, un enormous rise would take 
place in the money value of such income. Moreover, there are the proprietors of 
46 millions of unremunerative capital to be considered. Nothing can be more 
clear than that these undertakings should be treated as bankrupt concerns, and 
sold for the benefit of creditors. They should be valued, and taken over by the 
“Railway Trust’ at their fair valuation. There should be one central government 
of all the lines, with the service so arranged as to meet the utmost public con- 
venience. The end kept in view should be to assimilate on the same principle the 
transport of letters, of telegraph messages, of persons, and of merchandise. 


2. Cottagers and Open Wastes in the District of the New Forest. 
By G. E. Briscoz Eyre (a Verderor.) 


The subject of ‘Cottage steck-keeping in connection with commonable lands’ 
is not peculiar to the district, but is probably more largely exemplified here than 
elsewhere in the South of England. 

This subject does not lend itself readily to statistical treatment for various reasons. 
The cottagers are exceedingly reserved, and information is difficult to obtain; besides, 
few of them keep accounts, and the method pursued and its results vary somewhat 
with the seasons and depend greatly upon the individuality of the cottager, upon 
his resources and his circumstances. But, considering the high average of success 
attained, these very difficulties stimulate me to draw attention to the subject, in 
the hope that some experienced economist may write hereafter the chapter of which 
this paper is a first rough draft. For, so far as I can learn, the value of common 
rights to the exercisers and the method of their exercise is but imperfectly under- 
stood, and yet some economic counterpoise is sorely needed to the prejudice with 
which the ‘commoner’ is too often regarded. The cottager-commoner is termed 
contemptuously a ‘squatter, although in many cases his freehold, copyhold, or 
lifehold tenement may date from Saxon times, and although his common rights, 
often a relic of our Saxon liberties, may be as truly his property as the soil of the 
wastes whereby he largely lives is the property of the Crown or of the lord of the 
manor. Few landlords, land agents, or land stewards and the like, seem to regard 
a ‘commoner’ even with tolerance, and fewer still seem to have considered his 
value in the national economy. In particular, a just and intelligent consideration 
of such commoners has too often been lacking in past times amongst those who 
have deemed it their interest or their duty to promote the inclosure of commonable 
lands. For instance, it has been thought just that a common should be en- 
closed, provided the present owner of common rights could be induced to barter 
the right which would otherwise have benefited successive generations, for some 
small allotment in land. But as the exercisers of common rights well know, 
and the allottees have too often experienced, the parts of an extensive and varied 
waste when thus assigned in severalty, are never an equivalent to the small hus- 
bandman for his share in a joint enjoyment of the whole. And avaluable property 
(or legal estate) is thus partly sacrificed, or made easy to squander, and in practice 
is found to disappear very shortly by absorption into large estates. 

In default of a sufficient perception of the lesser interests involved, open lands 
have often been enclosed only to prove a complete disappointment to the owner of 
the soil, and injurious to the: true interests of the immediate neighbourhood and 
sometimes even of the country at large. 


The present paper is an attempt to unfold those lesser interests, and in it I pro- 
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pose fist to sketch in outline the region of the New Forest and the adjacent com- 
monable wastes; and, secondly, to show how these wastes are used, and to give some 
specimens of the results. 

A great forestal region, co-extensive with the peninsula or irregular parallelogram 
which narrows northwards from a base upon the Channel to the chalk downs of 
Wiltshire, forms the south-west section of the county of Southampton. It is bounded 
by the river Avon on the west, by the sea on the south, and on the east by the 
Southampton Water, and by the Hampshire or lower portion of the valley of the 
Test, as far as its northern boundary. The New Forest occupies the greater 
part of this area. Regarded as a whole, this region is an undulating heathy 
waste, sloping east and south-east from ‘plains’ of about 400-250 feet eleva- 
tion above the sea, and having an axis generally parallel with the valley of the 
Avon. From this axis long level ridges radiate and finally descend, with a more or 
less rounded outline, into a broad expanse of flat ‘heaths’ which extends to the 
sea, averaging about 100 feet above sea-level. The surface of the region, a deposit 
of gravel upon the Barton clays, has been denuded until the water-bearing Braclesham 
beds and hungry Bagshot sands are laid bare, and only gravel-capped ridges and 
isolated hills remain to attest its former character and gradual slope. The spurs 
of these ridges enclose basins of horse-shoe form or elongated, and varying in 
diameter, each comprising a series of convergent valleys hollowed out by the sur- 
face-water, and deepened and broadened at about the 100-feet contour by the outflow 
of the underground water. Thus the soil of the present surface varies from 
gravel to clays and sand, as the denudation has extended downwards. 

The area of the highest and of the lowest lands being for the most part un- 
cultivable, the cultivated or more or less wooded lands are found extended as pro- 
montories or islanded as hills between the gravelly heaths above or the sandy heaths 
below. <A few low-lying bottoms owe an exceptional fertility to a kind of alluvial 
deposit from above, and contain the precious ‘lawns;’ and in particular, great 
morasses or lesser bogs fill the hollows of the sandy heaths, and are covered with 
coarse marshy vegetation. Accordingly, we find the majority of the ancient farms 
and demesne lands of the Forest or the adjacent manors situated in elevated locali- 
ties between the 200 and 100 feet contours of the new Ordnance Map, while the 
upper and lower heaths surrounding these oases and the woodland between form 
the wastes, upon which the inhabitants from time immemorial have exercised their 
rights of turbary, pannage, and of pasture. Here and there, some brown hamlet 
on high ground, or a stray cottage with its little plot and orchard, nestling in some 
sheltered hollow or skirting the roadside, varies the uniformity of the heaths, 

It is with the value of these wastes, at first sight so unpromising, that we are 
now concerned. Comparatively modern encroachments and inclosures excepted, 
they are what they were centuries ago while they were yet the favourite hunting- 
grounds of our kings, or were accumulating in the hands of the great religious 
houses. The kings discouraged all change in the interest of the royal beasts of the 
Forest—the wolf, the red and fallow deer, badgers, &c.; and abbots and abbesses 
rather encouraged than otherwise the small copyhold tenants, who paid a timely 
though insignificant rent in fat capons at Christmas. 

It was probably due to the predominance of the Crown that the general move- 
ment towards inclosure, with its attendant hardships and disturbances, which cul- 
minated in the reign of Edward VLI., was little felt in this region. This movement, 
which called forth the denunciation of Bishop Latimer and others, led in many other 
districts to the destruction of the very class of cottage farmers of whom I am about 
to speak. But that a new comer sometimes tried to ‘make his profit’ of the wastes 
appears from a decree of Elizabeth’s reign, declaring and confirming the rights of 
eleven small copyholders (amongst other customs) to pasture their cattle upon the 
wastes of two manors adjacent to the New Forest. Their bill of complaint against 
William Pawlett, lord of the manors of Wigley and of Cadnam and Winsor, recites 
graphically that ‘the said complaynants were poore coppieholders of the Manor of 
Cadnam and Winsor, and their whole estates and livynge depended upon the same, 
soo that yf they should be abrydged of there anncyent customes it would be their 
utter undoinge.’ 
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In the New Forest, a hundred years later, a limited power was granted to the 
Crown, by Act of Parliament, to enclose a portion of the wastes for the growth of 
ship-timber ; but the Act jealously protected the commoners whose petitions against 
the Bill describe the Forest as immemorially ‘a great nursery for breeding cattle,’ 
and speak of ‘ many thousands’ as ‘ dependent’ on their rights of ‘ pasture, turbary, 
and pannage’ in it. The Act provided that the land to be enclosed should be that 
only which could be ‘ best spared from the commons and highways,’ and provided 
further, that the inclosures should be again thrown open to pasture so soon as the 
trees should be past injury by cattle. 

Thus did the Court of Chancery and Parliament protect the poor in 1591 and 
1698 in the Forest and the manors. The lord had’not in those days, as practically 
he has had in the nineteenth century, for his one-sixteenth of ownership fifteen- 
sixteenths of the law; it was not necessary, when the value of rights of common. 
were generally understood, to spend thousands of pounds sterling in appealing to the 
Court of Chancery for protection, nor years in agitation, and weeks in committee- 
rooms to get a hearing from Parliament. And so, injurious inclosure was arrested 
until the beginning of the nineteenth century. As only a small fraction of the 
surface was worth cultivating, and as crafty attempts to sow the wastes with timber 
for the benefit of the lord failed, because the Scotch fir, the most modern engine of 
such encroachments, was either unknown or not procurable, these wastes remained 
until within living memory zn statu quo. ‘The bogs, the brook-side, and the swampy 
‘lawns,’ continued to provide the cattle of the commoners with pasture; the heaths 
furnished turf for fuel and ashes for their land, and the shagey untended woods 
yielded beech-mast and acorns for their pigs, and timber for fuel and for the repairs 
of house, hedge, and implement. 

Before passing on to show the use and value of the several rights of common, 
attention should perhaps be drawn to some elements which make this region a type 
of what commonable pasture-land should be. It combines an extended range with 
considerable variety of soil and of water-supply, and with, perhaps, every variety 
of shelter and exposure. Any deficiency in one section, especially in running water, 
is supplied by sufficiency or excess in another ; constant change of ground (essential 
to success in stock-management) is ensured, being caused by the seasons, by the 
weather, and by the instinct of the animals, which, further, in seeking food, and 
a suitable soil under foot, find healthy exercise. The importance of an extended 
range is especially seen from the rarity of those exposed ponds, or wet, or even dry, 
spots called ‘shades,’ indispensable in summer, where a local draught in a treeless 
expanse relieves the animals of the flies. Driven from the woods and sheltered 
grounds, the animals then travel for miles ‘ to shade,’ as the term is. Lastly, the 
‘turn out’ in winter and spring has a real value, due partly to the mildness of the 
winters, snow being rare and never lying long—partly to the early feed of the swamps 
and bogs, at its best when the meadows are parched with drought—and partly to 
the accessibility of healthy ground when the meadows lie cold and swampy with 
the winter rains. 

The foregoing description roughly indicates the peculiar advantages secured to 
this section of the county by the preservation of these open spaces. Let us now see 
how these advantages operate, and with what results. To speak generally, the’ 
region is characterised by a moderate but widespread prosperity, even in these hard 
times, and by a low percentage of pauperism; indeed, the prosperity of the lower 
strata of the agricultural population is prominent, especially that of small tenant- 
farmers and of the cottagers, and this can be distinctly traced to the judicious 
exercise of common rights. For the larger the farm, the less is the use made of the 
wastes. The land of the farms is of better quality, and the proportion of meadow 
is probably sufficient; the improved breeds of stock are too delicate to turn out 
upon the wastes, the tenant’s capital is in most cases fully employed upon the 
farm, and his attention absorbed in an increasingly elaborate business. But the 
wastes are the cottager’s farm; they are the source of his livelihood, or of his 
comforts, and of his capital. So he makes it his business to acquire the proper 
stock, and to work the commons to the best advantage. For such reasons, and 
because the simplicity of the cottager’s life and business enables the effect of com- 
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mon rights to be traced with some accuracy and definiteness, the purview of this 
paper will be limited to this class. 

The chief rights comprise common of turbary and (in the Forest) of fuel wood— 
appurtenant to the ancient houses, and common of pannage and of pasture—appur- 
tenant totheland. There are other rights, viz., of taking marl (for manure), gravel, 
and sand; but the very valuable immemorial custom in the Forest of taking fern 
for litter was lost in 1854, partly through mismanagement, partly through the 
hostility of the representatives of the Crown. ‘The right of cutting litter has been 
recently disputed by the Grantee of the Crown, Earl Delawarr, in Ashdown Forest, 
in Sussex ; and the decision of the present Lord Coleridge and his two fellow Com- 
missioners in 1854 against the commoners of the New Forest was alleged, but, not- 
withstanding, the right was upheld by the Courts after extensive litigation. In 
the New Forest, the fern is sold by the Office of Woods, but under conditions 
generally considered to be prohibitive; it is bought chiefly from necessity. Now, 
the cottagers buy leaves, the sedge-grass of the woods, &c., for litter, straw being 
scarce and expensive, though none of these make-shifts at all make up for the loss 
of the fern. 

The right of turbary sometimes, z.e. in the manors, includes peat; the so-called 
‘turf’ consists of disks of heather with the roots and adhering Awmus, pared hori- 
zontally from the gravelly and pastureless soils; it is burned on the hearth with a 
little wood, and makes a slow and economical fire. The ashes are much valued for 
the garden and farm. A turf-right averages 4,000 turves per house, and, being 
eked out with a few faggots or a little stump-wood, formerly kept a family in fuel 
through the winter. Nowadays the use of coal is on the increase. The value 
of the right is roughly reckoned at 10s. to 12. a year. 

The right of fuel-wood from the Forest averages a load to a cottage, and 
farms sometimes haye a good deal more. These wood-rights, being costly to the 
Office of Woods, were keenly contested in 1854. Their value depends largely upon 
the distance from home at which the wood is assigned. 

The right of pannage varies in value with the season, and with the commoner’s 
power to take advantage of a good mast-time. The cottager who has saved a few 
pounds, observing the promise of beech-mast and acorns, buys in early and cheap 
as many pigs as he can hope to keep until September 25, or he buys a good-sized 
pig or two just before that date. He then turns them out on payment of 4d. for 
a hog and 2d. for a pig, and they return bettered to the value of about 10s. to 20s. 
a-head, and fit for immediate sale. In a good season 5/. thus laid out may be 
doubled in three months; but on the average of seasons a clear profit of 10s. per 
pig accrues on a number of pigs of all sizes. Perhaps the cottager’s pig benefits 
most by a good mast, for the children collect large quantities of acorns along the 
roads and from the manorial lands, and after the pig has been taken in these are 
given to him with other food, and thus the mast can be made in all to save 20. 
in food. The acorns are the better for a little keeping. Some cottagers adopt this 
method as soon as the mast begins to run short. At present the cheapness of 
food in proportion to the price of pig meat increases the profit of keeping pigs. 
Cottagers have been known to make 20/. a year by their pigs. 

But it is the right of pasture which is of paramount importance. It gives a 
wide scope to enterprise, skill, and thrift; and while the expenses out of pocket are 
small, a modest capital can be accumulated (either by hard work and rigid economy 
in early life, or by the co-operation of a helpful family in later life), and a high rate 
of interest be obtained legitimately. An admirable investment is always ready 
to hand, and sometimes a family owes its first’start to a windfall applied to stock- 
keeping on the wastes. From this right the most widespread benefit arises. The 
aged and the widow may make a bare livelihood and preserve their honourable 
aversion to parish relief; the shrewd and careful labourer may become gradually 
independent of work, and may even raise himself into the ranks of the tenant- 
farmers. There are labourers of these districts who are better off, all things con- 
sidered, than many a skilled artisan earning full wages in London. Indeed, many 
a young man before leaving home has a colt or mare running on the open wastes, 
or possibly even two mares, before he is of age. As forest mares often breed yearly, 
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and yearlings fetch from 4J, 10s. to 67. at the August fairs, and as pony stock can 
be wintered on the farms at from 1s. 6d. to 1s. a week, and 6d. for suckers, the 
ownership is both cheap and profitable. The care of a troop of five costs little 
more than the care of a single animal, and such a troop with average good luck 
brings in 20/. a year. Ponies are not wintered nor cared for unless they begin to 
stray and leave the Forest. And now that the winter-heyning is practically abo- 
lished, ponies begin to stay out longer. The cost of wintering is thus reduced by 
10s. to 4s. per head. The ponies are habituated to some locality, and are left to 
themselves, being driven in only for marking by the agister, or when wanted for 
sale, so that they cost the owners nothing but the marking fees of 1s. 6d. a head 
per annum. The fillies are usually left at large; they run with the mares, and in 
their fourth year breed a good colt. Brood mares are much valued, and rarely 
sold ; a very good one will fetch 15/. Heifers are less costly to buy, say 2/. to 4/., 
and are nearly as self-maintaining as pony stock, until they have their first calf; 
but they need better pasture, and they cost about 1s. per week more if wintered. 
In the spring, they may be sold with calf at side for 107. to 147. each. But the 
cottager’s ambition is to own a cow. In one case, quoted below, the calf was ac- 
quired as a weanling seven days old, costing 10s., and was paid for out of its own 
milk two and a half years afterwards. In another, a heifer was bought for about 
2/., and paid for from its own butter a year or two after it came to maturity. No 
trouble, shift, or economy is spared—tirst to obtain, and then to rear the future 
cow. Nothing is wasted, and even the furze-tops are gathered in winter, and cut 
up with the other food. The result is that almost every cottager owns some 
animal—at least a forest mare ora heifer, if not both a cow and a pig, each of 
which makes the other more profitable. 

It is estimated by our cottagers and small farmers that, if there were no wastes, 
a minimum of 3 acres of our forest meadows would be required to keep a single 
cow, t.e. an acre for hay and 2 acres for the usual little crops of mangel, &c., and 
to be used for pasture alternately. The rent of such a 3-acre lot would not be less 
than 4/., and might be considerably more. But with the use of the wastes, the 
usual house-plot of 2 or 3 roods, if a good cow common adjoin, will support a 
single cow, except in a winter of exceptional severity. The cow lives by the 
common from May to November, while two crops of hay are secured from the 
heavily manured orchard, and a good after-grass is growing ; but everyone who 
can afford to do so will give the cow a little something nightly. An expenditure 
of 2s, to 2s. 6d. per week in winter on hay, swede-turnips, and pollard, and on 
the materials for a mash (to the amount of about 50s. to 3/.) will increase the 
average weekly produce of butter throughout the year by one-half, say, from 3 lbs. 
to 5 lbs. per week. This butter is sold at the gate for 1s. 2d. a lb. on the average. 
Cases occur where a small capital of about 10/. will enable a second cow to be kept, on 
the house-plot and common by the purchase of additional food. The calf will be 
sold at six weeks old for about 10s. profit, and all the skim milk will then go to 
fatten the pig. Each pig bought, fatted, and sold at about four-score weight may 
produce in six or eight weeks a profit of 1s. per week up to 10s., and with high 
feeding will produce a little more; but the value of the pig has lain, until lately, 
rather in the fact that he helps to turn everything to use and provides a valuable 
manure. Of course the number bought and sold annually will depend on cir- 
cumstances, capital, and on the mast-time. Widows and such-like owners of a 
single cow often kill and salt a pig, the cost of which may be cheapened by about 
a third if there is a good mast. The profits of a house-plot and single cow, with 
its complement of pigs, may be estimated at from 4s. to 10s. per week, according 
to the means and opportunities of the cottager, and, speaking roughly, it is 
probable that our labourers not unfrequently earn the double of their weekly 
wages by such stock-keeping as the foregoing. If an acre or 1} acre of meadow 
can be added, there will probably be two cows and a sow, and two or three fatting 
pigs on the premises. As before, the cows are ‘turned out’ while the hay is grow- 
ing, and will maintain themselves entirely on the common from May until Novem- 
ber. The wife’s spare time suffices for the management of two cows and the corre- 
sponding number of pigs; meanwhile the husband is earning regular wages abroad, 
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and easily obtains an occasional day to get in the all-important hay crops of his 
orchard and mead, or to empty the rude outbuilding and spread its contents upon 
his little holding. With the third cow, expenses out of pocket begin. Few wives 
can now manage without a boy to help, and the husband, obliged to be more and 
more at home, must substitute task work for day work. Or he will set up a pony 
and cart and begin dealing—first, as a higgler, or dealer in butter, eggs, poultry, 
and garden produce, which he buys of the cottager and sells in the market town— 
and later, as a general dealer on a larger scale. He employs his spare time in 
carting turf, fuel, wood, chalk, &c., for his neighbours at 5s.a ton. But the 
middléman’s business is not without its drawbacks, and the careful housewife 
regards with some anxiety the social habits aud long absences which it involves. 

The next and most important stage is reached when the cottager can rent about 
five acres of meadow and stock it with three or four cows, a couple of sows, and 
can rear a heifer and sell two calves, and fat 10 to 12 pigs yearly. An advance 
beyond this point will involve hired labour, unless the children are well-grown and 
helpful. Here the cottager often hesitates, for the thrifty stop short of hiring 
labour. Probably he has reached the limit of his out-buildings and of his power 
to winter stock. But if he advance, the next stage is a ‘little place’ of 8 to 12 
acres, and the man having then become practically a tenant-farmer, passes out of 
the limits of this paper. 

By the foregoing details the use and value of these wastes and of the rights 
over them will have been indicated generally. We may now try to trace the 
financial results. Precise financial results will hardly be expected, for the two 
livelihoods of the cottager, viz., the ordinary and that arising out of his common 
rights, must intermingle inextricably. But by isolating the stock-keeping and 
then separating off the actual monetary transactions in that branch, results of 
approximate accuracy may be obtained, and the value of the whole be inferred 
from the profits of a part. The following table, the result of much consultation 
with competent cottage stock-keepers, shows the approximate profits on each head 
of stock; and anyone desirous of pursuing the subject further will find, the author 
believes, that by applying this as a standard to any given head of cottager’s stock 
for a given time he will not overrate the profits actually realizable. The amounts 
are small in themselves, but large when compared with a labourer’s weekly wage. 
They show a large percentage on the outlay, but the labour and superintendence 
are not charged ; the stock-keeping is regarded as added to the cottager’s living. 
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L saving by mast- | bred) 
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L time) 
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for mast-time 110 0 : sizes) to 27. each 
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Notr.—In the Forest the Agistment Fees or Headmoney under the Acts of 1877 and 


1879 are :— 
Marking Pannage 
Pony-stock Cow-kind — 
For a Registered Commoner . : 
» Licensee (Act of 1879) . j 1s. 6d. 1s Bé- Sig 
Milch cows and 
under 1 year, 6d. 


But, fortunately, it is possible to give the actual profits of a twelvemonth’s 
stock-keeping on a ‘little place’ of six acres, with cottage, cowpen, and pigstye. 
The stock kept was three cows, one heifer, and one weanling calf; twenty-four 
pigs also were bought and sold in the year. The labour-bill included hay- 
making, emptying the pens and styes, and all rough work, the cottager being a 
middle-aged bachelor, with considerable savings. The profits on the cow-kind— 
made by sale of butter, new milk at 4d. per quart, skim-milk (to oblige) at 1d, a 
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quart—amounted to 39. 18s. 6d. The profits on the pigs—fatted largely on bought 
food and sold at about five score weights—amounted to 21/. 14s. 9d. 

The year’s net profits therefore amounted to 617. 13s. 3d. The maximum profit 
made by this cottager in any year was 77/, 5s. 11d., and the minimum 597., say 101. 
an acre. 

There is reason to believe that a few other cottagers, without this man’s 
special experience, may be as good managers, but his experience in keeping accounts 
is unusual, and these may be regarded as trustworthy. 

The general results may be summed up briefly. The cottager lives the life of 
a labourer, but his earnings are those of a farm of about thrice the size, and twice 
the rent of his little holding. The cow provides a weekly, the pig a quarterly, 
and the heifer or pony an annual income, which can be reinvested in the business, 
which the cottager thoroughly understands, at a good or even very high interest. 
The effect on character in forming habits of industry and thrift is obvious, and 
experience shows that it is generally permanent. Financially, also, the result 
seems to be permanent, notwithstanding a stroke of ill luck or a bad season 
or two. Bankruptcy in this class is, as far as I can learn, unknown. Neither 
does the cottager fall a prey to the money-lender. Lately, I was examining the 
court rolls of a manor adjoining the Forest, and, between 1700 and 1826, I 
observed that the old copyhold families were slowly dispossessed by the money- 
lender (often the brewer of the market town) with melancholy sureness and 
uniformity, and I observed also that in their turn, the new names which came in 
as mortgagees went out as mortgagors. 

It remains to deal with two points mentioned at the outset of this paper, viz., 
the opportunity which cottage-farming in connection with common rights opens to 
the labourer to better his position, and the comparative absence of pauperism where 
the system has full scope. 

Regret is often expressed, on various grounds, at the disappearance of the 
British yeoman. But in the region under consideration he survives, and the cot- 
tage-commoner is the source whence this ancient link between the labourer and the 
gentleman is maintained. 

The way in which the stepping-stones are provided may be illustrated by 
examples. [The author quoted instances within his own knowledge, in which 
labourers and others have risen into the class of tenant-farmers and small pro- 
prietors.}| But perhaps the most intelligible and indisputable proof of the value 
of these open spaces and common rights is the comparative absence of pauperism in 
the region. 

It has been shown that not only can the commoners make a reasonable pro- 
vision against illness and old age, but that the modest sum which might not out- 
last the long and hale old age of this healthy region, if applied to daily necessities, 
is either saved or invested in stock-keeping, and so made to produce a fairly steady 
and sufficient pittance. Old people of reasonably active habits, or with a little 
help if infirm, can keep at least a single cow, and profiting by the experience of a 
lifetime may earn more than the parish could allow in outdoor relief. The statis- 
tics of pauperism show that these ‘chances’ are used to the full. A typical parish 
may be taken from the nine parishes of the New Forest Union which embraces 
the eastern and larger half of the district under review. The half-yearly return 
(to Michaelmas 1881) for Bramshaw, a typical parish as to size and position, con- 
taining 828 souls, and surrounded by the wastes of the Forest and wastes of the 
manors, shows that it has only three in-door and eleven out-door paupers, and an ex- 
penditure of 46/. 8s. 64d., but there is an exceptional expenditure of about one- 
fourth (87. 3s. 7d.) due to the bankruptcy and death of a considerable tenant-farmer 
with a large family, so that we may fairly reckon the out-door relief at 38/. 5s., z.e. 
at 761. 10s. a year. For the Wiltshire section, there are no indoor paupers, and 
only three outdoor; for the Hampshire section, in which a few low-class and 
modern cottages have not the ordinary garden and orchard, there are three in- 
door and eight outdoor paupers, The published details show that this relief is 
given to cases of old age with infirmity, and to widows with families. But, 
without making any deduction, the amount is about 9 per cent. on the population— 
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and less than } per cent. on the rateable value, and 13d. per acre of land other 
than wastes. 

And if proof be required that this result is largely due to the prudent exercise 
of common rights, the evidence of one of the relieving officers of the Union, given 
before a Committee of the House of Lords in 1875, may be alleged to show that 
the inclosure of common lands’within the Forest or in the adjacent manors, affected 
immediately the local prosperity of the population, and was especially felt by the 
neighbouring cottagers who owned cows. ‘The tenor of his evidence can be borne 
out by other, and amounts to this, that those who kept a single cow previous to 
an inclosure could after it no longer keep any, and those who had kept two could 
only keep one. The further fact that the effect was rather seen in diminished 
livelihoods and comfort than in actual admissions to the workhouse, is un important 
testimony to the extent of the advantages conferred by these open wastes. 

In conclusion, if I have at all succeeded in making out the case propounded at 
the outset, I would, with your permission, look a little into the future and submit 
one further point, appealing to you, not so much as lovers of justice, but as prac- 
tical economists. : 

The fact will have struck many of you in visiting our district that the Scotch 
fir is rapidly overgrowing our waste lands, You are aware that the self-sown 
natural timber is the property of the lord of the soil, but will not perhaps be aware 
how fatal this fir is to pasture of any kind, or to what an extent the self-sowing 
of the Scotch fir is a recognised engine of legal encroachment. But if such com- 
moners and common rights as I have endeavoured to describe are worth maintain- 
ing, should this method of abolishing both, literally by a side wind, be permitted 
to continue ? 

I once saw, when in the company of two learned members of the legal pro- 
fession, many cartloads of fir-cones lying outspread on waste ground of the New 
Forest, to ‘self sow’ it with fir. No fir-trees grew within a mile in any direction. 
It is also notorious that old trees, long since fit for cutting, in the edges of plan- 
tations, are seeding wastes far and wide, with or without the knowledge of the 
owner of the trees. To what extent is this practice reconcileable with the funda- 
mental law of property, viz., that a man may not use his property to the injury of 
the property of another ? 


3. On Decimal Coinage and Measures in America. 
By R. pe Tracy Goutp. 


The author advocated the introduction of the system of metric measurements 
and decimal money, and gave an epitome of the history of their introduction into 
the United States of America. 


4. On a proposed International Congress to diminish the Casualties at Sea. 
By Don Arturo pe Marcoartv. 


It is said that the British Commercial Marine is worth 230 millions sterling ; 
that every year are lost 100 British ships and 1,600 lives. The author would not 
exaggerate if he said that all the marine at large lost one ship and ten lives per 
day. 

“The number of lives saved either by the life-boats of the Royal National Life- 
boat Institution of this country, or by special exertions, for which it has granted 
rewards since its formation, is 29,050. In 1881 they saved 1,121 lives. 

It has been stated for a new charitable ‘ Society for the formation of Increased 
Places of Safety on our coasts’ that the primitive one, with an income of 40,0002., 
only saved 500 persons a-year. If those figures are correct, that means that the 
saving of each life cost 80/. 

However, all English and foreign charitable associations are devoted to save 
the lives of the wrecked, not to avoid or to diminish the collisions, the fires, and ail 
the causes of the wrecks. 
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The British Act of 1854, the Acts of Parliament relating to boats and buoys, 
are now quite powerless, and of little use for saving life in wrecks. The number 
and conditions of the boats, and the number and conditions of the buoys, can 
only offer saving to one fraction of the human life shipped. What will be the sure 
fate of the majority of the travellers in each one of two modern iron steamers, 
with 400 or 500 lives, with boats only for 100 hands, coming in collision in the 
ocean at the speed of 14 or more miles per hour? Remember the recent collision 
at full speed of the Dowro and Yurac Bat on a bright night. Neither the National 
and Mercantile Marine nor the Government has done what is required to avoid those 
sorrowful casualties. We must demand of science to fight against those enormous 
losses of life and wealth by promoting a special International Congress to in- 
vestigate the means to diminish the casualties at sea. This congress will ask for 
the co-operation of meteorology, telegraphy, the building industry, and navi- 
gation. Meteorology can improve, extend, and make more perfect the system of 
storm-warning and meteorological reports. It is now an undoubted fact that the 
warnings of storms from the Meteorological Offices in Europe and in America have 
diminished the casualties at sea. 

From the Ist of this month until August 31, next year, in pursuance of a 
circular from the British Meteorological Office, the masters of ships crossing the 
ocean will be taking daily observations, to be sent to the London Meteorological 
Office, to know twice daily the state of the sea and of the atmosphere. ‘These 
observations will give important knowledge to establish more perfect warnings, 
and in any case will deserve great interest to prepare more valuable inquiries. 

It is most important to improve oceanic telegraphy. At the present time the 
ships alone keep the almost primitive system of flag and rocket signals; and now it 
is possible to introduce one of electrical, acoustical, and optical telegraphy to com- 
municate between the ships themselves, and with the coasts. The effect of this more 
perfect maritime telegraphy will be to avoid, or, at least, to diminish collisions ; and 
the ships will have the knowledge of the state of the seas, and of the atmosphere 
wherever they go or call by the telegrams sent to and from the coast, or from the 
ships which proceed from those seas. The ships with that more perfect telegraphic 
system will be able to demand more easily saving appliances from the coast or from 
the other ships. 

In regard to the building industry it has been remarked that the modern iron 
steamers offer smaller floating sections, and smaller floating bulk, than the old 
wooden ships. The painful history of the last wreck gave an illustration of how 
rapidly the iron steamers have been sunk. The ever-increasing speed of modern 
navigation means certainly increased and more frequent danger and more tre- 
mendous shocks, that is to say, increased loss of life and property. Therefore great 
reform is needed in the building system, in order to diminish the number of 
collisions and all casualties, and to supply at the same time more rapid and 
powerful implements to save life and cargo. 

Finally, as regards navigation, the ‘track’ or road at sea must be fixed by police 
rules, as on the railway it is necessary to make a compulsory different track for 
each different direction. This principle is observed for the translantic steamers of 
the Cunard Line to avoid collisions, either with icebergs or with vessels from 
an opposite direction. Specially, in the most frequented passages, as are for 
instance the crossing points of the lines from England to Gibraltar, and from 
Europe to America, must be established police rules of navigation by international 
conventions. 

In view of studying the practical means to diminish the maritime casualties, 
an International Congress is intended to be held in Spain. The author desired that 
the British Association should make some suggestions, so as to bring to a good 
result the proposed Congress. 
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Section G.—MECHANICAL SCIENCE. 


PRESIDENT OF THE SECTION—JOHN FOWLER, C.E., F.G.S, 


THURSDAY, AUGUST 24. 
The PresipEnT delivered the following Address :— 


Or all the important sections of the British Association the one over which I 
have now the honour of presiding is, you will all, I think, admit, at once the 
most practical and the most characteristic of the age. In future times the pre- 
sent age will be remembered chiefly for the vast strides which have been made 
in the advancement of Mechanical:Science. Other days have produced as great 
mathematicians, chemists, physicists, warriors, and poets, but no other age has made 
such demands upon the professors of mechanical science, or has given birth to so 
many men of eminence in that department of knowledge. Though a member of 
the profession myself, | may venture before my present audience to claim that the 
civil engineer is essentially a product and a type of the latest development of the 
present century. ‘Telford has admirably defined the profession of a civil engineer 
as ‘ being the art of directing the great sources of power in nature for the use and 
convenience of man, as the means of production and of traffic in states both for 
external and internal trade, as applied in the construction of roads, bridges, aque- 
ducts, canals, river navigation and docks, for internal intercourse and exchange, 
and in the construction of ports, harbours. moles, breakwaters, and lighthouses, 
and in the art of navigation by artificial power for the purposes of commerce, and in 
the construction and adaptation of machinery, and in the drainage of cities and 
towns.’ This definition, written more than half a century ago, is wide enough to 
include all branches of engineering of the present day, althouzh amongst those 
specifically mentioned the departments presided over by the railway engineer, the 
locomotive superintendent, and the electrician will be looked for in vain. As 
Telford was beyond all question the most widely experienced and far-seeing engineer 
of his time, this little omission well illustrates and justifies my statement that the 
typical civil engineer of the day is a late product of the present century; for even 
Telford never foresaw the vast changes which railways, steam, and electricity would 
evolve in the course of a few years. 

My predecessors in this chair have on several occasions stated their conviction 
that it was better for the author of an address to confine his attention to the par- 
ticular department of engineering in which he had special knowledge, than to wander 
over the whole field of mechanical science. A well-informed man has been defined 
to be a man who knows a little about everything and all about something. If you 
give me credit for being a well-informed engineer, I will endeavour to justify your 
good opinion by showing, whilst presiding at these meetings, that I know a little 
about steam-nayigation, and machinery generally ; a little about iron and steel, and 
other manufactures, and I trust a good deal about the construction of railways, 
canals, docks, harbours, and other works of that class. 

There have undoubtedly been published during the last fifty years many works 
of mark and merit, but the work which above all others would, I think, have astonished 
and perplexed our ancestors, is the little one known to all the civilised world as 
‘Bradshaw.’ This indispensable handbook of the nineteenth century testifies that 
the face of the country is dotted over literally with thousands of railway stations; that 
between many of these stations trains run at two-minute intervals, whilst the dis- 
tance between others is traversed at a mean speed of nearly 60 miles an hour. 
The public are often justly indignant at the want of punctuality on some railways, 
but they should blame the management and not the engineers, for the daily conduct 
of the heavy traffic between England and Scotland shows, that notwithstanding 
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the constantly varying condition of wind and weather in this climate, a run of 
400 miles can, on a properly laid-out railway, and with suitably designed rolling- 
stock, be accomplished with certainty to the minute, if the management is not at 
fault. On the Great Northern Railway, for instance, of which I am consulting 
engineer, the 400 miles between London and Edinburgh is traversed in nine hours, 
or deducting the half-hour allowed at York for dining, at the mean rate of no less 
than 47 miles per hour including stoppages. A few months ago the Duke of 
Edinburgh was taken on the same line of railway from Leeds to London, a 
distance of 1862 miles, in exactly three hours, or at a mean rate, including a stop 
at Grantham, or over 62 miles an hour. I know of no railway in the world where 
this performance has been eclipsed, and it will be perhaps both instructive and 
amusing to contrast with it the performance of the engines at the opening cere- 
mony of the Liverpool and Manchester Railway, on September 15, 1830. A 
newspaper correspondent of the time, after describing many eventful incidents of 
his journey, proceeds as follows :—‘ The twenty-four vehicles left behind were now 
formed into one continuous line, with the three remaining engines at their head ; 
and at twenty minutes past five o’clock we set out on our return to Liverpool. 
The engines not having the power, however, to drag along the double load that 
had devolved upon them at a faster rate than from 5 to 10 miles an hour (once or 
twice only, and that but for a few minutes, did it reach the rate of 12 miles an 
hour), it was past eight o’clock before we reached Parkside. Proceeding 
onwards, we were met on the Kenyon Embankment by two of the missing engines, 
which were immediately attached to the three which had drawn us from Man- 
chester. We went still slower than before, stopping continually to take in water 
(query to take breath), and creeping along at a snail’s pace till we reached Sutton 
inclined plane, to get up which the greater part of the company were under the 
necessity of alighting and making use of their own legs. On reaching the top of 
the plane we once more took our seats, and at ten o’clock we found ourselves again 
at the company’s station in Crown Street, having accomplished the distance of 38 
miles in four hours and forty minutes.’ 

The incident of the passengers descending from a train headed by five engines 
to walk up an insignificant incline is, I think, worthy of being recalled to the re- 
membrance of the travelling public who are accustomed to see without astonish- 
ment a single engine rushing along with a train of a dozen heavy carriages at as 
high a speed as if it were running alone. We must do our immediate fore- 
fathers, however, the justice to remember that even they effected some considerable 
improvements in the speed of locomotion. For example, in 17683 the only public 
conveyance for passengers between London and Edinburgh was a single coach, 
which completed its journey in fourteen days, or at the average rate of 1} mile per 
hour. Strange as it may appear, there are at the present time many large fertile 
districts in Hungary where, owing to the absence both of road and water commu- 
nications, a higher rate of speed cannot be attained in a journey of several days’ 
duration. 

An essential condition of the attainment of high speed on the railway is that 
the stopping places be few and far between. The Great Northern express previously 
referred to makes its first halt at Grantham, a distance of 105 miles from London, 
and consequently but little power and time are lost in accelerating and retarding 
the speed of the train. In the instance of the Metropolitan Railway, on the other 
hand, the stations average but halfa mile apart, and although the engines are as 
powerful as those on the Great Northern Railway, whilst the trains are far lighter, 
the average speed attainable is only some twelve miles an hour. No sooner has a 
train acquired a reasonable speed than the brakes have to be sharply applied to pull 
it up again. Asa result of experiment and calculation, I have found that 60 per 
cent. of the whole power exerted by the engine is absorbed by the brakes. In other 
words, with a consumption of 30 lbs. of coal per train mile, no less than 18 lbs. are 
expended in grinding away the brake-blocks, and only the remaining 12 Ibs. in 
doing the useful work of overcoming frictional and atmospheric resistance. 

Comparatively high speed and economy of working might be attained on a rail- 
way with stations at half-mile intervals if it were possible to arrange the gradients 
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so that each station should be on the summit of a hill. An ideal railway would 
have gradients of about 1 in 20 falling each way from the stations with a piece of 
horizontal connecting them. With such gradients gravity alone would give an 
accelerating velocity to the departing train at the rate of one mile per hour for every 
second ; that is to say, in half a minute the train would have acquired a velocity 
of thirty miles an hour, whilst the speed of the approaching train would be corre- 
spondingly retarded without the grinding away of brake-blocks. Could such an 
undulating railway be carried out, the consumption of fuel would probably not 
exceed one-half of that on a dead level railway, whilst the mean speed would be 
one-half greater. Although the required conditions are seldom attainable in prac- 
tice, the broad principles should be kept in view by every engineer when laying out 
a railway with numerous stopping-places. 

Nearly thirty years ago, when projecting the present system of underground 
railways in the metropolis, I foresaw the inconyeniences which would necessarily 
result from the use of an ordinary locomotive, emitting gases in an imperfectly 
ventilated tunnel, and proposed to guard against them by using a special form of 
locomotive. When before the Parliamentary Committee in 1854, I stated that I 
should dispense with firing altogether, and obtain the supply of steam necessary for 
the performance of the single trip between Paddington and the City from a plain 
cylindrical egg-ended boiler, which was to be charged at each end of the line with 
water and steam at a high pressure. In an experimental boiler constructed for me, 
the loss of pressure from radiation proved to be only 30 lbs. per square inch in 
five hours, so that practically all the power stored up would be available for use- 
ful work. I also found by experiment that an ordinary locomotive with the fire 
‘dropped’ would run the whole length of my railway with a train of the required 
weight. Owing to a variety of circumstances, however, this hot-water locomotive 
was not introduced on the Metropolitan Railway, though it has since been success- 
fully used on tramways at New Orleans, Paris, and elsewhere. I am sorry to have 
to admit that the progress of mechanical science, so far as it affects locomotives for 
underground railways, has been absolutely nz during the past thirty years. The 
locomotive at present employed is an ordinary locomotive, worked in the ordinary 
way, except that in the tunnel the steam is condensed, and combustion is aided by 
the natural draught of the chimney alone, instead of being urged by a forced blast, 
as on open portions of the line. Whether a hot water, a compressed air, or a com- 
pressed gas locomotive could be contrived to meet the exigencies of metropolitan 
traffic is a question which, I think, might be usefully discussed at the present or 
some future meeting of the Association. 

A reference to the underground railway naturally suggests the wider question 
of tunnels in general. The construction of tunnels was not one of the novelties 
presenting itself to railway engineers, for many miles of tunnel had been driven by 
canal engineers before a single mile of passenger railway had been built in this 
or any other country. To foreign engineers belongs the honour of having boldly 
conceived and ably accomplished tunnel works of a magnitude which would have 
appalled a canal engineer. I need only refer to the Mont Cenis Tunnel, over 
7} miles in length, commenced in 1857 and finished in 1870; the St. Gothard 
Tunnel, 94 miles in length, commenced in 1872 and finished in 1882; and the 
Hoosae Tunnel, 43 miles in length, commenced in 1854 and finished in 1875. In 
all cases rock of the hardest character had to be pierced, and it is needless to 
remark that without the aid of the machinist in devising and manufacturing 
compressed air machinery and rock-boring plant the railway engineer could not 
have accomplished his task. Intermediate shafts are not attainable in tunnels 
driven through great mountain ranges, so all the work has to be done at two faces. 
In the case of the Mont Cenis Tunnel the mean rate of progress was 257 feet and 
the maximum 400 feet per month. In the St. Gothard Tunnel the mean rate was 
429 feet and the maximum 810 feet. In the Hoosac Tunnel the average rate was 
150 feet per month. 

Tunnels under broad navigable rivers and estuaries have been a subject of 
discussion by engineers for at least a century, but the only one at present com- 
pleted is the unfortunate and costly Thames Tunnel. Two important works of the 
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class are, however, now well in hand, namely the Severn Tunnel at Portskewet, 
and the Mersey Tunnel at Liverpool. Having reference to this fact, it will be 
interesting to quote the following passage from a letter addressed to the press by a 
Mr. Thomas Deakin on March 6, 1835, that is to say more than forty-seven years 
ago. Mr. Deakin writes:—‘The Great Western railroad from London to Bristol 
will be accomplished no doubt, and why not continue it under the Severn mouth, 
near Chepstow, Monmouthshire, through Glamorganshire, and to Milford Haven 
in Pembrokeshire? It would then traverse the coal-field of South Wales through- 
out its whole extent—a tract of country possessing also inexhaustible stores of 
ironstone. A tunnel was once proposed to be formed under the Mersey at Liver- 
pool, and had it not been for the failure of the Thames Tunnel would most 
probably have beem carried into effect.’ It is not a little singular that the two 
tunnels thus foreshadowed by Mr. Deakin should both be in hand at the present 
moment. 

Undoubtedly the numerous accidents which occurred during the construction of 
the Thames Tunnel, together with its enormous cost of about 1,500/. per lineal 
yard, and the eighteen years occupied in its construction, destroyed the chance of 
any other projected subaqueous tunnel for many subsequent years. One lesson 
enforced by the Thames Tunnel was the necessity of leaving a reasonable thickness of 
ground between the water and the tunnel. In the Severn Tunnel the minimum 
thickness is 40 feet, and in the Mersey Tunnel 22 feet. The width of the river at 
the point of crossing of the former tunnel is 2} miles, and the maximum depth of 
the rails below high water 163 feet. In the case of the Mersey Tunnel the width is 
nearly 3 of a mile and the depth 144 feet. The Thames Tunnel, as almost everyone 
knows, was carried on by means of a special contrivance termed by Brunela ‘shield.’ 
No special appliances haye been adopted in the case either of the Severn or the 
Mersey tunnel. Both are driven in the ordinary way, but of course enormous 
pumping power is required and has been provided. 

Where no special appliances are used in the construction of a subaqueous tunnel, 
it will be clear to all that an unknown risk is encountered. All may go well, and 
the engineer will then justly receive congratulations from everyone for his boldness 
and success. But, on the other hand, something may go wrong, even at the last 
moment, and I fear the engineer then would be abused no less roundly by the 
unthinking public for his temerity and consequent failure. It would be a ‘ Majuba 
Fill’ incident over again, and if the accident caused much loss of life the engineer 
probably would envy the fate of the brave but ill-starred General Colley, who at 
least fell with the victims of his rashness. 

In many cases of tunnels under estuaries, special appliances could be used which 
would obviate all risk and make the successful completion of the work a mathe- 
matical certainty. A tunnel under the Humber, about 1} mile in length, projected 
by myself in 1873, the Bill for which was subsequently passed by the Commons 
and thrown out by the Lords, was a case in point. The bed of the Humber is of 
very fine silt, and I proposed to build the tunnel in lengths of 160 feet, under the 
protection of rectangular iron caissons 160 feet long, by 42 feet wide, sunk by the 
pneumatic process. As the pressure of the air in the caissons would always be 
slightly in excess of that due to the head of water in the river, no interruption 
from influx of water could ever occur, and the operation of building the tunnel in 
lengths inside this huge diving-bell would be as certain and free from risk as the 
every-day work of sinking a bridge pier by the pneumatic process. 

A tunnel over a mile in length now in progress under the Hudson River at 
New York is being driven through a silty stratum by the aid of compressed air, 
and with a certain amount of success, as only some twenty men haye been drowned 
up to the present time. The principle upon which the compressed air is used is, 
however, a false one, since it is merely forced into the tunnel with a view to uphold 
the ground by its pressure, like so much timbering, and not to keep out the water on 
the principle of a diving-bell. It is clear, therefore, that the completion of the 
Hudson River Tunnel, if the present system be persevered in, is purely a matter of 
conjecture, and all we can do is to hope for the best. The same remark applies, 
of course, to the Severn Tunnel and the Mersey Tunnel, although in those cases the 
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character of the ground is such that the contingencies are small in comparison with 
those encountered in the construction of the Thames Tunnel and the Hudson River 
Tunnel. Nevertheless, as I have already observed, unless special appliances of the 
nature of the pneumatic process be used, a subaqueous tunnel, whether it be the 
Channel Tunnel itself or one but a few yards in length, must necessarily present an 
unknown risk. The prototype of all these tunnels is the one commenced at 
Rotherhithe in 1809, which was successfully driven a distance of 900 feet under 
the Thames and failed when within little more than 100 feet of the opposite shore. 
A tunnel about 15 mile in length was commenced about ten years ago under the 
’ Detroit River in America, but was abandoned in a similar manner. So far good 
fortune has attended both the Severn and the Mersey tunnels, and there is, 1 am 
glad to say, every chance of its continuing. 
_ That the series of mishaps with the Thames Tunnel, and the consequent post- 
ponement of all other projects for subaqueous tunnels, were due to errors in design and 
want of foresight on the part of the engineer is patent to everyone now, and was 
foreseen by at least one acute contemporary of Brunel himself. Only a few months 
ago, when turning over the leaves of an old periodical, I became aware of the fact 
that a scheme, identical in all its main features with my Humber Tunnel project, 
had been suggested for adoption in the case of the Thames Tunnel, in lieu of the 
plan proposed by Brunel. Writing in December 1823, or fifty-nine years ago, the 
author of the project, a working smith of the name of Johnson, says: ‘I propose to 
construct the Thames Tunnel without cofferdams by making it in parts, 28 feet 
in length, each part having the ends temporarily stopped up and being constructed 
on the same principle as the diving-bell. The men dig from the inside round the 
edge as if sinking a well, and throw the earth towards a dredger, the buckets of 
which work some feet below the bottom of the excavation. Each length will be 
suspended between two vessels and be conveyed to the place where it is to be let 
down.’ A description of the mode of connecting the several lengths is given, and I 
may add that the tunnel blocks had a sloping face to tend to bring the faces of the 
joints together, a plan since adopted with the huge concrete blocks at Kurrachee 
and other harbours. There is not a flaw in the design from beginning to end, as 
modern experience in the sinking of numerous bridge-piers on precisely the same 
plan has amply demonstrated. It is beyond all doubt that if the design of this 
working smith had been adopted in lieu of that tendered by Brunel the Thames 
Tunnel would have been completed in a couple of years, instead of eighteen years, 
and at a cost of about 3800/. per yard instead of 1,500. 

Tf another tunnel be constructed under the Thames, which is far from improb- 
able, as the requirements of below-bridge traffic necessitate some such means of 
communication, I venture to predict it will be built in accordancé with the plan 
suggested fifty-nine years ago by the working smith, and not on that of Brunel’s 
Thames Tunnel, or of any other tunnel yet carried out. 

At the beginning of the present century a committee was appointed to consider 
the ‘ practicability of making a land communication by a tunnel under the river 
Forth, at or near Queensferry.’ In a report dated November 14, 1805, it was 
recommended that a double tunnel should be constructed, at an estimated cost of 
164,000/., or at the rate of 30/. per yard, exclusive of shafts and pumping. The 
surveyors reporting, grounded their belief in its practicability upon the fact that at 
Borrowstowness coal-workings had been carried under the same firth for a mile, 
and that at Whitehaven coal was worked for the same distance under the Irish Sea, 
in both places less water being met with under the sea than under the land. The 
report concludes in the following words: ‘That a more easy and uninterrupted 
communication betwixt every part of a country increases the intercourse of com- 
merce, arts, and agriculture, all must know. Ferries are still and often a formid- 
able bar in the road. Of these in this country, the one under review at Queens- 
ferry is perhaps the most conspicuous, It is in fact the connecting point betwixt 
the north and south of Scotland, and indeed of the realm, and in this point of view 
the improvement of it must be considered a national object.’ These words are as 
true and applicable to the case in 1882 as they were in 1805, A ferry still is the 
only means of communication across the Forth at Queensferry, though the traflic 
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has increased a hundredfold. Parliament, by the passing of the Forth Bridge Act 
during the present session, has given a practical recognition of the truth of the 
statement in the above-quoted report, that the improvement of the Forth passage 
is a ‘national object.’ 

As you will receive a paper on the Forth Bridge from my partner, Mr. Baker, 
I will not trouble you with details of the proposed structure at the present moment.~ 
I may state, however, that after a careful consideration of the difficult problem, in 
concert with my able colleagues, Mr. T. E. Harrison, the chief engineer of the 
North-Eastern Railway, and Mr. W. H. Barlow, chief engineer of the Midland , 
Railway, we unanimously advised the directors of the Forth Bridge Company to 
abandon the project for a suspension bridge, and to construct a steel girder bridge 
of the unprecedented span of 1,700 feet. The total length of the structure is 13 
miles, and it includes two spans, as aforesaid, of 1,700 feet, and two of 675 feet 
over the navigable channels on each side of Inchgarvie. The execution of the work 
has been entrusted to me, and my intention is that the Forth Bridge shall be not 
only the biggest, but the strongest and stiffest bridge yet constructed. 

Although great navigable rivers offer the most serious impediments to lines of 
communication lying at right angles to the direction of the stream, and necessitate 
such formidable undertakings as the Forth Bridge, with a clear headway of 150 
feet above high water, and the Severn Tunnel at a depth of 163 feet below the same 
datum, still it must be remembered that such rivers were the earliest, and are yet 
the cheapest, highways for inland comm unication. Antwerp, the third port in the 
world, ranking only after London and Liverpool, owes its commercial importance 
undoubtedly to the Scheldt, which affords admirable water-carriage for a distance 
of GO miles from the sea-coast inland. London, similarly, is an inland port situated 
about 50 miles up the Thames; hence one-half of the distance between Antwerp 
and London is made up of fine rivers capable of being navigated by the largest 
ocean-going steamers. The practical result of the existence of this splendid line of 
natural communication is that iron girders and rails can be conveyed from the heart 
of Belgium to the metropolis at a far lower price per ton than from any ironworks 
in this country. Unfortunately, the southern coast of England and the opposite 
coast of France are indented by no such rivers as the Thames and the Scheldt, or 
we should never have heard of the horrors of the ‘ middle passage ’ in ‘ cockleshell ’ 
boats, or of the Channel Tunnel. 

To realise, however, the important part which rivers play in facilitating inland 
communication, it is necessary to glance at the other side of the Atlantic. In 
Canada, for instance, we have the great inland port of Montreal, where trans- 
atlantic steamers anchor some 500 miles from the coast. The very term ‘stream of 
traffic’ suggests a river, and the St. Lawrence well illustrates it. Into some small 
forest tributary of the Ottawa the lumber-men slide a log of timber, and many 
months after will that log, with thousands of others, forming together a huge raft, 
with huts upon it for the accommodation of the care-takers, be found pursuing its 
slow but ever-continuing progress down the St. Lawrence to Quebec, where it will 
be shipped to this country. 

In Egypt for countless ages the ‘ship of the desert’ and the boats of the Nile 
constituted the only means of communication. Wheeled carriages were practically 
unknown, although as long ago as 1832, Mehemet Ali bewildered the pilgrims by 
starting off for Mecca across the desert ina Long Acre barouche. But the Nile 
holds an exceptional position amongst the rivers of the world, for not only was it 
until quite recently practically the sole means of inland communication for the 
country through which it flows, but it was, and still is, literally the life of Egypt, 
since without Nile water there would not be a green spot in the whole of that now 
fertile land. Having filled the office of consulting engineer to the Egyptian 
Government for seven years, I have had occasion to give particular attention to 
the Nile, and I may state that in an average year that river conveys no less than 
100,000 million tons of water, and 65 million tons of silica, alumina, lime, and 
other fertilising solids down to the Mediterranean. The Nile begins to rise about 
the middle of June, at which time the discharge averages about 350 tons of water 
per second, and attains in September a height of from 19 feet to 28 feet, and a dis- 
charge of from 7,000 to 10,000 tons per second, 
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Napoleon the Great said that every drop of Nile water should be thrown on the 
land, and he was right so far as Low Nile discharge is concerned. The cultivated 
lands in the provinces of Lower Egypt have an area of 3 million acres, and to 
irrigate this effectually at least 30 millions of tons of water per day would be 
required, an amount somewhat exceeding the whole of the Low Nile discharge. 
At present the irrigation canals are totally inadequate to convey this quantity, and 
imperfect irrigation and consequent loss of crops is the result. In many instances 
a couple of men labour for a hundred days in watering by shadoof a single acre of 
ground, all which amount of labour might be dispensed with if the barrage of the 
Nile were completed, and a few other works carried out, the whole of which would 
be paid for handsomely by a water rate of two shillings an acre. You will gather, 
therefore, that I do not think the resources of Egypt have yet been fully developed, 
magnificent as they even now are, having reference to the size of the country. 

It is hardly necessary to say that a network of canals laid out with a view to 
irrigating the lands of Lower Egypt can also be used at any time in the event of 
war for the offensive or defensive flooding of the whole or any part of the said 
lands, Except for the work of man, Lower Egypt for four months in the year 
would be simply the bed of a river, and for the remaining months a mud bank. 
Long before the historic period, however, the Nile had been embanked and canals, 
such as the Bahr-Jusef, had been formed ; the first, to keep the floods off the land, 
except in desired quantities; and the second, to run off the inundation waters as 
soon as the fertilising matters in suspension had been deposited on the lands. 
Should the inhabitants of Egypt neglect at any time to maintain the works of their 
ancestors, successive floods would quickly destroy the embankments and wash the 
light material into the canals. Thus the whole surface of the country would again 
be levelled, and the land of Egypt would revert to its primitive condition of being 
a river's bed for one-third of the year, and probably a malarious swamp for the 
remainder. 

It is hardly possible to refer to Egypt without saying a few words about the 
Suez Canal. Far-seeing people, including the late Khedive, have long been of the 
opinion that another ship canal will be required in Egypt. In 1876 I submitted to 
His Highness, in accordance with my instructions, detailed plans and estimates for 
such a canal from Alexandria through Cairo to Suez. The total length of the 
canal was 240 miles, and with the same width as the existing Suez Canal the 
estimated quantity of excavation was 160 million cube yards. 

An interesting and significant incident in the history of the Suez Canal occurred 
in May 1878, when a fleet consisting of ten steamers and sixteen sailing vessels 
passed through with 8,412 native troops bound from India to Cyprus. During the 
same year no less than 58,274 soldiers traversed the Canal. Since 1878 events have 
marched rapidly, forno one then foresaw that the next important movement of British 
troops canal-ways would be of a nature hostile in appearance, if not in fact, to the 
inhabitants of Egypt. The announcement that French and not British troops 
were to hold the canal was received by the public with an expression of surprise 
and perhaps of slight resentment, because no one can dispute the vital importance 
of the work to this country. Periodically the questio., of the Euphrates Valley 
Railway is revived, and indeed quite recently I have haa to reconsider the question 
professionally, but this route can never rival the existing one by the Isthmus of 
Suez. 

The inauguration of steam navigation to India was much delayed by the vacillation 
of the authorities respecting the Suez and the Euphrates Valley routes. Happily, 
however, the Arabs stole the first bag of mails that went by the Euphrates, and so 
in 1834 a Committee of the House of Commons finally resolved that ‘steam naviga- 
tion between Bombay and Suez having in five successive seasons been brought to 
the test of experiment, and the practicability of that line being established, it be 
recommended to His Majesty’s Government to extend the line of Malta packets to 
Egypt, to complete the communication between England and India.’ Nothing 
appears to have been done during the next two years, but in 1837 a new paddle- 
wheel steamer, the Atdanta, of 650 tons, steamed out to Calcutta round the Cape in 
ninety-one days and was put on the Red Sea station. She left Bombay with the 
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mails on October 2nd, 1837, and arrived at Suez on October 16th. The mails were 
carried across the desert by camels, and down the Nile to Alexandria in four days, 
where they remained until H.M.S. Volcano took them on board on November 7th. 
At Malta on-November 16th they were transferred to H.M.S. Firefly, and finally 
‘were landed in this country on December 4th, having been in all sixty-three days in 
coming from Bombay to England. At the present time about eighteen days are 
occupied in carrying the mails from Bombay vid Brindisi to London, 

The town of Southampton, where we are now assembled, has always held a 
distinguished position in connection with the development of improved communi- 
cation with our Kastern empire. The opening of the first section of the railway 
from London to Southampton was coincident with the establishment of steam 
navigation vid Egypt to India, and in the same year the French engineers at Cairo 
completed their studies for the proposed railway across the desert to Suez. 

A few months later the London public were startled by an advertisement 
headed ‘ Steam to New York,’ and 94 passengers were plucky enough to embark at 
London, on April 4th, 1838, in the Sirzus, of 700 tons and 320 horse-power, for New 
York, where they arrived on the 23rd, having performed the voyage in seventeen 
days from London, and fifteen days from Queenstown. The Great Western sailed 
from Bristol on April 7th, and arrived at New York a few hours after the Sirius, and 
thus was the great problem of steam navigation to America successfully solved, by 
vessels of small size, and capable of maintaining a speed of but 8 to 9 miles an 
hour. I need hardly remind you that since the year 1838 the ships conducting 
the enormous traffic between Europe and America have been of ever-increasing 
size and speed. Thus the Britannic, built in 1874, has an extreme length of 468 
feet, a beam of 45 feet 3 inches, a displacement of 8,500 tons, and a speed of 16 
knots per hour; whilst the Servia, built in 1881, has an extreme length of 530 feet, 
a beam of 52 feet, a displacement of 13,000 tons, and a speed of 18 knots, and the 
City of Rome, built in the same year, has a length of 600 feet, a beam of 52 feet 
3 inches, and a displacement of 13,500 tons. Another Atlantic liner, the AJaska, 
having a length of 500 feet, a beam of 50 feet, and a displacement of 12,000 tons, 
attained a speed of 18} knots on the measured mile, and has done the distance 
between Queenstown and New York in seven days four hours and thirty-two 
minutes, and the return voyage in six days and twenty-two hours, a mean ocean 
speed of, say, 17 knots per hour, or more than double that of the first steam-vessels 
trading to America. 

The present generation has grown so accustomed to the embodied results of the 
progress of mechanical science, that it has long ceased to wonder at big ships, or at 
any other novelty. To reulise what has been attained it is necessary to place our- 
selves as far as possible in the position of our immediate ancestors, and to look at 
things through their spectacles. With this view, and to give you some scale of 
comparison to measure the size of the present Atlantic liners by, I will quote a 
short passage from a newspaper of September 19, 1829, where reference is made to 
a vessel then under construction, of about the size of one of the much-abused 
‘ cockleshells ’ performing the Channel service between Doverand Calais. ‘The Dutch 
have been engaged for the last five years in constructing and equipping a steam- 
boat of extraordinary magnitude, in order to facilitate the communication between 
Holland and Batavia. It has four masts; is about 250 feet long; and has been 
appropriately christened the Monster. In consequence of her great length, she 
hung when going off the slips, and it was some days before she was fairly launched ; 
a circumstance which gaye the wits of Paris occasion to remark that their Dutch 
neighbours were so determined to excel all other nations in the magnitude of their 
steamboats, that they had built one so long that it was several days running off 
the stocks. One of the most remarkable features of this enormous vessel is her ex- 
treme narrowness as compared with her length; her greatest breadth of beam being 
only about 82 feet. The great size of this vessel will bring to the recollection of 
our readers the Columbus, which was built in the river St. Lawrence in 1824, and 
made the passage to England in safety, but was afterwards broken up on account 
of her unmanageable bulk. We shall not be surprised to find that a similar fate 
awaits the Monster, and for a similar reason.’ 
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The Channel boat Albert Victor, now on the Folkestone station, is of the same 
length as the Monster, namely 250 feet, whilst the beam of the former is but 29 
feet, instead of what the critic of 1829 termed the ‘extreme narrowness’ of 32 
feet. 

The successive attempts at mitigating the discomforts of the Channel passage 
by the swinging saloon and twin-steamers of Sir Henry Bessemer and Captain Dicey 
haye gradually prepared the way for what I believe will be the next and important 
step of establishing Channel communication by means of large floating stations, 
or ferry-steamers, capable of traversing the narrow sea between England and 
France in little more than an hour. Ten years ago I applied to Parliament for 
powers to carry out this project, and obtained the unanimous sanction of a Committee 
of the House of Commons. The Bill was, however, thrown out in the House of 
Lords by the casting vote of the chairman. 

What was practicable at that time has now hecome comparatively easy, owing 
to the introduction of steel into shipbuilding, and the improvements which have 
been effected in marine engines and mechanical appliances generally. 

Whether the over-sea or under-sea mode of crossing the Channel—the ferry or 
the tunnel—is to be the adopted scheme, will soon be determined. It may be that 
both will be carried out, and then at least all tastes will be met, and all anticipa- 
tions respecting the resulting increase in traffic, both in goods and passengers, 
between the two countries will be brought to the test of experience. However this 
may be, I am very pleased to be able to announce that my friends Mr. Aber- 
nethy and Mr. Clarke Hawkshaw will read papers on the subject, the former on 
the over-sea, and the latter on the under-sea plan, and I shall be disappointed if 
the papers do not lead to an interesting and valuable discussion. 

In few departments of the engineer's work has such progress been made as in 
that of steam navigation. When in 1820 steamships were first used for conveying 
merchandise as well as passengers, the tonnage of the whole of the steam traders 
of this country, it is stated, amounted to but 505 tons. At the present time the 
corresponding figure is 24 million tons. Did time permit I would say more on the 
subject, but I fear that in speaking at all upon steamships I have departed some- 
what from my avowed intention of keeping within the sphere of engineering, in 
which I have chiefly worked. My apology must be that a discussion of railways 
led me to a consideration of tunnels and bridges, and this naturally suggested a 
reference to the rivers necessitating the construction of the said tunnels and 
bridges. From river traffic to ocean traffic is but a step, and so I have been in- 
sensibly led to touch upon the wonderful results achieved in recent times by naval 
architects and mechanical engineers. 

I will not similarly err in troubling you with any remarks of mine upon the 
no less wonderful results achieved by electricians. A description of the work done 
by my friend Dr. Siemens during the past quarter of a century would in itself 
constitute a concise history of electrical science. Remembering, however, the 
warning of King Solomon, that ‘He who praiseth his friend with a loud voice, it 
shall be counted a curse to him,’ I will refrain from referring to Dr. Siemens, or to 
my immediate predecessor in this chair, Sir W. G. Armstrong, and conclude my 
address at once with a sincere wish that the present session of the British 
Association may prove not less interesting and productive of benefit to science than 
have any of those which have preceded it. 


The following Papers were read :— 


1. On the Forth Bridge. By B. Baxer.—See Reports, p. 419. 


2. On the Treatment of Steel for the Construction of Ordnance, and other 
purposes. By Sir Wittram Armstronc, O.B., F.R.S.—See Reports, 
p. 098. 
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3. On the increased Tenacity in perforated Test Bars of Steel and Iron. 
By T. Wricutson, M.I.C.E. 


The author quotes the experiments of Professor Kennedy,' and of Mr. Edward 
Richards,” as to the curious fact, that a drilled test bar has a greater tenacity per 
square inch than a plain bar, and proceeds to propound a theory as to the cause for 
this apparent anomaly. 

Ifa plate or bar under tensile test be supposed to consist of a series of molecular 
chains or filaments parallel one to another, but disconnected laterally except at the 
ends, then, as the test proceeds, each filament being equally loaded would extend 
without affecting its neighbour. Again, if horizontal filaments be supposed to con- 
nect the longitudinal filaments, these will descend as stretching takes place, but will 
not affect the relative position of the longitudinal filaments. 

If, however, we suppose diagonal connections to exist between the upper end of 
the extreme and the centres of the opposite filaments, it is evident that when, through 
stretching, the centres of the longitudinal filaments descend, either an elongation of 
the oblique filaments or a drawing in of the longitudinal filaments must occur. The 
resistance of the latter in this direction being small, a lateral movement takes place. - 
The author contends that the well-known phenomenon of contraction in a test bar 
arises from this cause, and is due to the oblique connection of the longitudinal 
filaments. 

Assuming this view of the phenomenon of contraction to be correct, the author 
supposes a hole drilled in the centre of a test bar, and shows that the two sections 
left should be capable of resisting more than the same section in a single bar because 
the contraction of area in the former case is resisted by the material immediately 
above and below the hole, which must be stretched horizontally before the adjacent 
iron can contract to its full extent. Hence the area being partially maintained by 
the action of these cross strains the bar should be stronger. That this is so has 
been abundantly proved, but the author goes further in describing an experiment 
showing that in drilling several holes in a line across the bar, the tenacity increases 
with an increased number of holes. Thus an iron bar two inches wide by half inch 
thick broke at 22°68 tons per square inch of original area. When an inch hole was 
drilled in the centre of a test piece cut from the same bar the tenacity increased to 
22°93 tons. ‘Two holes half an inch in diameter increased the tenacity to 24:82 
tons. Three holes one-third inch diameter increased the tenacity to 24:99 tons, or 
about 10 per cent. total increase, comparing the plain bar with that perforated with 
three holes cutting away half the section. 

These facts show that the form of a test bar may be such as to bring into action 
be cross fibres of the material in such a way as considerably to affect the results 
obtained. 


FRIDAY, AUGUST 25. 
The following Report and Papers were read :— 


1. Report on the Committee on Patent Legislation—See Reports, p. 310. 


2. The Channel Tunnel. By J. Cuarxe Hawxsuaw, M.A., F.G.S., M.I.C.E. 
See Reports, p. 404. 


3. A System of Excavating the Channel Tunnel by Hydraulic Machinery. 
By T. R. Crampron. 
The chalk from the cutters is received into a revolying drum, to which also the 
waste water from the hydraulic motor employed to drive the machinery is led. 


1 Proceedings of Mechanical Engineers, April 1881. 
? Proceedings of Iron and Steel Institute, May 1882. 
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The chalk is turned into a cream or sludge, which can be pumped out and 
delivered at the mouth of the-tunnel or elsewhere. 


4. Improved Continental Communication. By James Avrrnetay, C.L. 


The author proposed to establish a service of large steamers between Calais and 
Dover, on which entire trains could be conveyed across the Channel. The steamer 
would be 470 feet in length; 60 feet beam; 6,000 tons; with engines of 12,000 
indicated horse-power ; the draft loaded to 12 feet; estimated speed, 23 miles. It 
is thought that vessels of this size would not feel any movement in the Channel. 
The cost for three steam-vessels, and the necessary works at Dover and Calals, was 
estimated at a million and a half. 


5. On Unsteady Motion in Open Channels.' 
By Masor Autan Cunnincuam, R.. 


The motion of water in open channels is essentially an unsteady motion with 
interlacing stream-lines; the hypothesis of steady parallel motion is at variance with 
nature. 

Single velocity measurements are of little practical use, being only accidental 
values; the average of a large number is pretty constant, so that the average 
velocities should always be sought. The time needed to obtain these involves a 
chance of change of the external conditions. 

In practical hydraulics the forward velocity is the only velocity considered or 
required. Floats measure this directly; no other instruments yield this quantity 
readily in large streams. 

These principles are of great importance, and show that hydraulic experiments 
must always be tedious and expensive. 


6. Convevity of Surface of Streams.2, By Major Autan Cunnincuay, Lv.£. 


The figure of the transverse section of the free surface of a stream, usually 
supposed to be convex, is here considered. The evidence is shown to be very 
small. Some new special experiments are cited. The conclusion is that the surface 
is probably level across. 


7. Depression of Maximum Velocity. By Major ALLAN CunnincHaM, Lt.H. 


The line of maximum velocity in an open channel is usually below the surface. 
The cause of the depression is obscure. The wind and disturbances from the 
banks and bed are usually supposed to be the causes. The wind is probably too 
inconstant, The disturbances from the banks and bed seem an inadequate ex- 
planation, The general depression of the maximum velocity on all verticals at all 
parts of a channel indicates some resistance from above. The motion in open 
channels and in pipes flowing full shows some similarity, with differences in detail 
fairly accounted for by supposing the air to be an ever-present drag or source of 
resistance to forward surface-flow less efficient than the banks or bed. If this be 
admitted, the hydraulic term, ‘wet border,’ must be modified so as to include all 
parts of the wet border, each with its own specific resistance. 


SATURDAY, AUGUST 26. 
The Section did not meet. 


1 See Roorkee Hydraulic Experiments, by Major Allan Cunningham, R.E. 
Roorkee, 1881. Vol. i. ch. vi. 
2 Ibid. vol. i. ch. viii. 3 Tbid. vol. i. ch. xii, 
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MONDAY, AUGUST 28. 
The following Papers were read :— 


1. On Compressed Air as applied to Locomotion. 
By Sir Freperick Bramwe tt, F'.2.S. 


This paper consisted of a description of a tram-car on the Mekarski system now 
employed at Nantes in France. A car on a similar system is being constructed for 
trial on the tramway running from King’s Cross to Holloway. The gauge of the 
French line is 4 feet 8} inches, the wheel base of the car being 5 feet 9 inches. The 
principal features of the engine consist in the use of what is termed a ‘hot pot,’ 
and in an automatic regulating valve. The hot pot is a receptacle containing hot 
water and steam under pressure, and through this the compressed air is allowed to 
bubble on its way from the receivers to the cylinders, so that it may be expanded 
in the cylinders without risk of the formation of snow. The automatic regulating 
valve is set on the top of the hot-water vessel. A hand-wheel lowers or raises a 
plunger ; this acts upon the liquid contained between an elastic india-rubber dia- 
phragm placed a little below the plunger and the upper part of the vessel. Just 
around the plunger there is an annular air-space acting as an air-vessel. When 
the plunger is depressed into the liquid, the result is to compress the air in the air- 
vessel to any desired extent. Then, as the hot pot is always in connection with the 
reservoirs in which the compressed air is contained, when the outlet air cock on 
the regulating valve is opened, air bubbles through the hot water and rises past 
the cone valve which is attached to the diaphragm, and presses on the under side 
of the diaphragm, tending to raise it ; but it cannot succeed in doing so until the 
pressure of the air below the diaphragm equals that in the annular air-vessel 
above, and thus the pressure in the annular air-vessel is automatically the measure 
of the pressure that will prevail in the engines. So soon as this is exceeded the 
diaphragm rises and closes the valve; and so soon as it falls the air in the annular 
air-vessel re-expands, presses down the diaphragm, opens the conical valve, and 
lets in more compressed air. The driver is thus enabled to vary the pressure, while 
the pressure, whatever it may be, is maintained steady, whether the engines are 
running fast or slow. 

The working of the engines was very satisfactory. There was no smoke, no 
escape of the steam, no noise. The exhaust air is let into a box, from whence it 
escapes quietly just above the level of the road. So far as can be judged from 
outside appearance there is scarcely anything to distinguish one of these cars from 
an ordinary horse tram-car. The compressed air reservoirs are charged at one end 
of the journey. For this purpose four horizontal condensing steam-engines are 
used, each of about 20 nominal horse-power. Each engine works two single- 
acting air-pumps. The first air-pump compresses to six atmospheres, the second 
draws from the first and compresses to thirty. While the compressed air is being 
charged into the receivers, steam is turned into the hot pdt, so as to heat the water, 
a certain quantity of the water being, when necessary, allowed to run out. Ac- 
cording to information given to the author, it appeared that the cost of working 
the line on this system was less than the cost of horse-power, and the system had 
besides several other advantages. 


2. Recent Progress in Telephony. By W.H. Prescn, F.R.S. 


This paper gave an account of the progress made in the construction of tele- 
phonic apparatus since the telephone was introduced to the British Association in 
1877. The author described the principal forms of telephone receivers and trans- 
mitters, including those of Ader, Gower, Dolbear, Edison, Blake, and others. He 
also described the arrangements which have been made to diminish induction on 
busy lines, and thereby to get rid of the noise which is the chief difficulty in trans- 
mitting articulate speech. The only really successful plan was that of employing 
a complete metallic circuit instead of using the earth for the return circuit, and 
twisting together the two wires composing this circuit. In concluding, the author 
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gave an account of an experiment lately tried, by which communication had been 
effected between Southampton and the Isle of Wight across the Solent, the object 
being to try the possibility of establishing communication across seas and channels 
by telephone without the aid of wires. Large metal plates were immersed in the 
sea at opposite ends of the Solent—namely, at Portsmouth and Ryde, six miles 
apart, and at Hurst Castle and Sconce Point, one mile apart. The Portsmouth and 
Hurst Castle plates were connected by a wire passing through Southampton, and 
the Ryde and Sconce Point plates by a wire passing through Newport ; the circuit 
was completed by the sea, and signals were passed which could be read by the 
Morse system, but speech was not possible. 


3. Ona new Are Lamp. By W. H. Presce, IBS. 


This is the invention of M. Abdank, a Polish professor residing in Paris. He 
separates the regulator of the current from the lamp itself, and fixes it anywhere 
within easy inspection and manipulation. The regulator is a differential balance, 
and it acts like the key of a Morse apparatus, which sends automatically short, 
rapid, successive currents through a local break, so as to allow the top carbon to 
fall by very minute movements as it is consumed. The carbon is continually 
falling by a motion invisible to the eye, but sufficient to provide for the consumption 
of the carbons. It is a remarkably constant and steady arc lamp. Regulation by 
small and successive steps automatically controlled is believed to be a new principle. 


4, Recent Progress in Electric Railways. By Dr. FLemine. 


This paper described Edison’s railway at Menlo Park, which the author said 
saved about 1 lb. of coal per hour per horse-power as compared with the ordinary 
locomotive. 


5. On Electric Light Engineering. By Dr. Fiemina. 
6. On the Efficiency of the Edison Steam Dynamo. By Dr. Fiemtnc. 


7. On some Apparatus for use in connection with Hlectric Light 
Measurement, By Ropert SABIne. 


_ The writer gives an account of four pieces of apparatus devised for the purpose, 
viz :— 

1. A photometer. 

2. A current dynamometer. 

3. A potential dynamometer and resistance measurer combined. 

4, A mean-pressure indicator. 

The principle employed in the photometer is that such a thickness of some 
absorbing material is placed in the path of the rays of each of the two lights under 
comparison as will partly equalise the two lights, the final adjustment being made by 
the alteration of the relative distances of the lights from the photometer. The current 
dynamometer is formed of two flat coils, one of which is suspended, and the other 
arranged to slide along a scale. Suitable arrangements are made for allowing 
the current to pass through the whole system. The repulsion between the coils 
results in the deflection of the suspended coil. The sliding coil is then shifted 

_until the two coils are parallel. The paper describes the way in which the scale is 
graduated, and the arrangements for observing the deflection of the suspended coil. 

The potential dynamometer and resistance measurer consists of two circular coils 
of moderately fine copper wire, one of which is held by a bifilar wire suspension 
inside the other, as in Weber's well-known dynamometer, an adjustable resistance 
being inserted to reduce the deflections to a constant value. When required, how- 
ever, to be used as a galvanometer the suspended coil can be readily removed and 
replaced by a magnet needle. The object of the mean-pressure indicator is to 


668 REPORT— 1882. 


allow the mean pressure at either end of the cylinder to be read off by the use of a 
Bourdon pressure-gauge. A pressure-gauge is mounted at each end of the cylinder, 
the pipe leading to the gauge being throttled so as to allow a small entry and 
exit of steam at each stroke. This throttling causes the pointer of the gauge to 
rise gradually to the mean pressure, above or below which it makes small oscilla- 
tions. To prevent condensation in the throttle or tube, these are kept hot by the 
flame of a lamp placed below.? 


8. On a new form of Are Lamp. 
By Professor G. Forsrs, M.A., F.R.S.E. 


This is a focussing are lamp. The carriers of the two carbons are supported by 
vertical racks which are worked by pinions, one of which is twice the diameter of 
the other. These pinions are on the same axis as the ring of a small Gramme 
motor; a current is supplied to this ring by a shunt from one on the main wires. 
One field magnet of the motor is wound with thick wire and is in the main circuit ; 
the other is wound with fine wire. It is connected as a shunt on the are. 


9. On the Laws defining the Strength of Current which can be sent through 
Wires of different diameters without raising the external temperature above 


a certain limit. By Professor G. Forses, W.A., F.R.S.H. 


Law I—When the wire is bare and exposed to the air, the strength of current 
is more nearly proportional to the diameter of the wire than to the theoretical 
value of the diameter raised to the power 3. 

Law 17—When the wire is wound in coils of the same size and weight, the 
strength of current is proportional to the square of the diameter of the wire. 

To find out the first law, a trace of wax was put upon the wires, and the 
current necessary to melt it was measured. 

To find out the second law, thermometers were inserted in coils of equal size 
and weight, and the currents required to raise each to the same temperature were 
compared, 


TUESDAY, AUGUST 29. 
The following Report and Papers were read :— 


1. Report of the Committee on Wind Pressure.—See Reports, p. 315. 


2. On the Mechanical Properties of Aluminium. 
By W.H. Bartow, F.R.S. 


A bar of aluminium, three feet long and a quarter of an inch square, was 
obtained, and different parts of this bar were subjected to test for tension, com- 
pression, and transverse strain; and also to ascertain the modulus of elasticity, the 
elastic range, and ductility. 

It will be seen on reference to the results obtained, that the weight of a cubic 
inch is ‘0275 lbs., showing a specific gravity of 2688, and that its ultimate tensile 
strength is about 12 tons per square inch. The range of elasticity is large, the - 
extension at the yielding point being 51, part of its length. The modulus of elas- 
ticity is 10,000. The ductility in samples 2 inches long was 2°5 per cent. 

Taking the tensile strength of this metal in relation to its weight, it shows a 
high mechanical value. Its characteristics in this respect, as compared with those 
of other well-known metals, are shown in the following summary :— 


1 E.ectrical Review, vol. xi. p. 197. 


TRANSACTIONS OF SECTION G. 669 


Length of a 
Weight |Tensilestrength| bar which is 
of acubic} per square just capable of 
footinlbs.| inch in lbs. bearing its 
own weight. 


Feet lineal 
Cast iron. : : : : : 444 16,500 5,351 
Bronze - , - : é : 525 36,000 9,893 
Wrought iron. : : ¢ : 480 50,000 15,000 
Steel of 35 tons per inch F 4 : 490 78,000 23,040 
Aluminium : : : . : 168 26,880 23,040 


It thus appears that, taking the strength of aluminium in relation to its weight, 
it possesses a mechanical value about equal to steel of 35 tons per inch. 


3. On the Southampton Docks. By A. Gites. 


The paper gave a short history of the Docks since they were commenced in 1838. 
They were opened in 1842, Additions were made in 1845, 1851, 1853, 1859, 1873, 
and 1879. At present, one of the dry docks is being lengthened from 400 feet to 
500 feet to accommodate larger steamers. In the coneluding part of his paper, the 
author compared the respective advantages as ports of Southampton and London. 


4. On the Reclamation of Brading Harbour. 
By R. ¥. Granruam, Assoc. M.I.C.E. 


‘This paper contains an account of the works in connection with this undertaking. 
Reference is first made to the attempt of Sir Hugh Middelton in 1620, to enclose 
the harbour, an area of about 700 acres, uncovered at low water. The line of the 
embankment as laid out by him has been traced by the discovery of the piles of oak 
which were then used. The attempt was successful for a time, but the land was 
found to be not so good as was expected, and although crops of wheat, barley, oats, 
cabbage seed, and rape seed were sown, no produce was obtained except from the 
rape seed. 
INA a few years the sea broke in, and the land was again until 1879 continually 
inundated at high water. 

Tn 1874 a company entitled the Brading Harbour Improvement and Railway 
Company was formed, and in 1877 the work of constructing the embankment was 
commenced. ‘The paper describes the form of the embankment and the difficulties 
met with and failures experienced in closing the Bembridge end, and also gives 
particulars of the methods adopted in piling and planking the gap. 

The sea was shut out in July, 1879, but in the following October again broke in. 
Further attempts were made to close the gap, and at length the sea was finally 
shut out at the end of February, 1880. The line of the present embankment 
encloses an area of rather more than 600 acres. The works of lowering the sluices, 
the inverts of which were found to he at too high a level, and of the wharves 
erected at the St. Helen’s end of the embankment, are also referred to, as well as the 
new channel for the river Yar in course of execution across the reclaimed land. 

The author states his opinion that permanent pasture is the proper treatment 
for reclaimed lands of that description. 

The reclamation works were undertaken not solely for the purpose of recovering 
the land from the sea, but also with the object of improving the harbour, and 
establishing a port for the trade on that side of the island, as well as opening up the 
villages of St. Helen’s and Bembridge. 


5. Improvements in Gas Illumination. By W. Suac. 


This paper dealt with the faults existing in ordinary gas-burners, and the points 
required in the construction of a good burner. The author showed that a much 
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better effect could be obtained by the use of Argand burners with chimneys, than 
from any burner of the ordinary flat flame type. The paper concluded with some 
remarks on ventilation, and on the way in which heat generated by the combustion 
of gas could be utilised for ventilating purposes. 


6. On Sound Signals. By EK. Price Epwarps. 


The purposes for which such signals are employed are chiefly in connection with 
railway and sea travelling. No recent improvement as regards railway sound 
signals can be recorded, but there has been a great development of late years with 
marine sound signals. Railway whistles are very distressing to the public; not so 
to the callous engine-drivers who use them without any regard to the public com- 
fort. This is a matter which might be ventilated by the press, for there is a great 
deal of unnecessary whistling, and there is no necessity for the use of the piercingly 
shrill sounds which are commonly employed in this country. The explosive signals 
used in fogey weather are admittedly inefficient and costly, besides being annoying 
to railway travellers. For signals between ships at sea, the recent alteration ot the 
regulations for preventing collisions has necessitated the use of sound signals to a con- 
siderable extent, and various instruments operated by manual labour haye been devised 
to meet the requirements as regards sailing vessels; steamers of course use the steam 
whistle. For coast fog-signals there has been a great progress made of late years; 
whistles are not used for this purpose, reed horns have been discarded, and now 
sirens and explosives only are used. A novel feature of late with the siren is the 
introduction of two notes asa means of distinction. Hach signal is to have a com- 
bination of high and low notes so that it may proclaim its own individuality and 
be readily recognised. It is also proposed to make double explosive signal rockets, 
by means of which a further distinction may be made for this class of sound 
signals. 


7. Some of the Causes of Collision at Sea. By Captain Cotoms, R.N. 


The causes assigned in the Annual Wreck Register, according to the official 
statement for the year 1879-80, were divided into two classes :—(1) conditions 
which are irremediable and inevitable ; and (2) the moral obliquities of seamen. 
The former comprise 40 per cent., and the latter the remaining 60 per cent. 

The classification is unsatisfactory because collisions can rarely be set down to a 
single cause; and because, though inevitable conditions are always present, they do 
not necessarily produce inevitable accidents. i 

There has never yet been any public enquiry into the causes of collision, nor 
any official statement of the conditions under which they happen, further than the 
state of the atmosphere and sea, and the question of whether darkness or daylight 
prevailed. Contrary to what might have been supposed, a thick atmosphere does 
not increase, but generally markedly decreases the number of collisions; while, as 
might be supposed, the greater number of accidents, and those which are most dis- 
astrous, happen at night. It is convenient to confine the attention to these latter. 

It has been found by examining carefully considerable numbers of collision cases 
which have been tried in the courts, that in only about 7 per cent. of them were 
the ships first seen at a greater angle to the direction of the courses steered than 
45°; and in only about 26 per cent. of the cases did the two ships’ courses cross at 
a greater angle than 45°. The normal condition previous to collision is when the 
courses of the two approaching ships are nearly, but not quite, opposite. Collisions 
under any other conditionsare rare. The conditions of sea traffic make it quite cer- 
tain that one or both ships approaching under these conditions turn towards each 
other. But such a moyement or movements very rarely indeed precede collision. 
On the other hand, the contrary movement of one or both ships turning away from 
the other is nearly always found preceding collision, 

Constantly improving experiments have been made to measure exactly in time 
and space the movements of ships under the action of their rudders. It is found 
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that they turn in a path which is a spiral whose least radius is seldom less than 
two or three times the length of the ship. 

Ships are from four to ten times as long as they are broad. The target a ship offers 
to be struck by another, is from four to ten times as large when the broadside is 
offered to the blow as when the stern is offered ; and the effect of the bow of one 
ship on the broadside of another is much more destructive than when bow strikes 
bow. 

The movement of a ship in turning away from another which is crossing her 
course from ahead under the ordinary conditions precedent to collision, tends to pre- 
sent the maximum, and the most tender target to be struck, and it destroys the possi- 
bility of reversing a wrong movement. The moyement in turning towards a ship 
under like conditions tends to present the minimum and the least tender target. 

No idea could be more natural to the unreflecting than to suppose that turning 
away from an approaching danger was the proper way to avoid it. What alone 
makes this dangerous are the limits by which the manceuvring powers of ships are 
controlled ; and the fact that their transverse section is so very much smaller than 
their longitudinal section. 

It is the same with these opposite movements in fogs. The tendency of the 
seaman is to turn away from the fog-signal which denotes on his right or left an 
approaching ship, but such a movement is always a precedent of collision. 

Minor causes producing a further ultimate cause of collision are found under the 
following conditions. Ships approaching one another as described are seldom equally 
distant, either in space or time, from the point at which their courses would if produced 
intersect ahead of both. If the ships have equal manceuvring powers, the one which 
is farthest from this collision point, as it has been called, is much more capable of 
avoiding a collision than the one which is nearer. If the distance apart of the ships 
is small, it becomes absolutely impossible for the ship which is nearest to the point 
to avoid the other, while it is easy for the ship which is furthest from the point 
to avoid the other by turning towards her. The modern law takes no account of 
these conditions, which the old rule of the sea fully recognised, and in half the 
number of cases forbids, as far as it does anything at all, the ship which alone has 
the power, to make the movement which is necessary to their mutual safety. 

Minor proximate causes leading up to and producing these ultimate movements 
and conditions, and through them collisions, are found in the multiplicity of dis- 
tinctions which exist in the law. The rule of the road at sea has grown to be very 
complex, and in the anxious state of mind produced by possible collision, the seaman 
sometimes calls up and acts on the wrong rule. No one who has ever been subjected 
to this anxiety will readily blame the seaman who males a mistake. 

Another minor cause proceeds from the complexity and indefiniteness of the 
appliances which have grown up under the law. This latter being complex and 
various has necessitated differences and distinctions in the Jights and signals, not in 
themselves necessary and leading to constant mistake. The latest development of 
this complexity is for the present in suspense; but it is remarkable that a single 
white light has under the present law no less than four totally different meanings, 
and yet if the wrong meaning is attached, a wrong movement and a collision may 
follow. In some signals by sound, the timbre of the note is the only distinction, while 
there is nothing to prevent that present distinction from becoming obliterated. 

The removal of these causes of collision is only difficult in practice. Changes 
in rules which are international would he required, but as changes have often been 
made before, and even quite recently, while some are still pending, there can be no 
real difficulties. If the conditions and movements antecedent to collision were 
authoritatively stated and classified, it would be seen to be easy to alter the law so 
as to aim directly at their removal. 

Nor is it difficult to see what the nature of the change would be. There would 
be a return to the sound rules and teaching of the old law, a removal of the com- 
plex distinctions and the complex appliances which the new law has made necessary, 
and a simplicity of rule which would never mislead the seaman called on to act 
rightly in moments of supreme surprise and apprehension. 
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8. On the Engine Power Meter. By C. Vernon Bors. 


The quantity of work done by steam or other fluid on the piston of an engine 
is found by multiplying at every moment the rate of movement of the piston by 
the difference of pressure on its two sides, and continuously adding the products. 
This quantity is usually determined in any one complete stroke of an engine by 
finding the areas of the indicator diagrams taken at each end of the cylinder, and 
adding them together. This is a measure of the whole work done in that stroke. 
In the same way the work done in any other stroke may be determined. If the 
engine is working any length of time at a uniform rate against a constant load, 
the total quantity of work done in that time may be found by multiplying the 
number of strokes by the work done in one. Practically this cannot be done; 
therefore, if it is desired to find the work done during aty length of time, some 
form of engine-power meter must be used. At the present time, when the efficiency 
of machines is attracting so much notice, any advance in this direction is of 
importance. 

In the author's instrument the difference of steam-pressure is determined by a 
differential pressure gauge, consisting of a piston in a cylinder controlled by a 
spring. The two ends of the cylinder communicate by pipes with the two ends of 
the cylinder of the engine. This cylinder is separated from the box containing the 
caleulating mechanism by an air space, so that heat and dirt are effectually 
excluded. The piston rod enters the box at the middle of the base, and passes 
through to the top, where the spring is attached which lies in a tube attached to 
the top of the box. On the piston rod is a sleeve carrying two pins, one working 
in a guide to prevent the sleeve from turning when the piston rod turns slightly, 
and the other to give inclination to what is called the tangent wheel. This is a 
small wheel with its edge in contact with the surface of a cylinder which is free to 
travel longitudinally and to rotate. If the plane of the tangent wheel is parallel 
to the axis of the cylinder, then when the latter moves longitudinally, there will be 
no rotation, but if the tangent wheel is inclined, the cylinder will rotate with a 
speed proportional to the tangent of the inclination multiplied by the rate of the 
longitudinal movement. If the pin on the sleeve of the piston rod works in a 
radial slot in the tangent wheel frame, then the tangent of the inclination of the 
latter will always be proportional to the displacement of the piston rod, and 
therefore to the difference in pressure in the engine cylinder. Now if the integrat- 
ing cylinder is moved in time with, and in proportion to the motion of the engine- 
piston, the rate of turning of the integrating cylinder will be proportional to the 
rate at which work is being done, and the number of turns shown by a counter 
will be a measure of the total amount done during any length of time. There is 
no necessity to adjust the tangent wheel to absolute parallelism with the axis of the 
cylinder when there is no steam-pressure ; even if considerably inclined, there will 
be no accumulating error, for whatever error is introduced during a forward stroke 
is absolutely removed during the return stroke. 


WEDNESDAY, AUGUST 30. 
The following Report and Papers were read :— 


1. Report of the Committee on Screw Gauges.—See Reports, p. 311. 


2. Torpedo-boats. By J. Donaupson, W.1.C0.B.} 


The author pointed out the great advance that had been made in the con- 
struction and armament of torpedo-boats since the American Civil War, and the 


1 Published tin extenso in the Hngineer Sept. 29, and in Engineering October 
13 and 20. 
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recognised position which the torpedo-boat had now attained as an engine of 
warfare. 

He then described, in detail, with the aid of models and diagrams, the two 
distinct groups into which the various types of torpedo-boats have gradually been 
resolved, viz., those attached to and carried by larger vessels, to which they would 
act as auxiliaries; and those sufticiently large to act independently, and, to a 
certain extent, to keep the sea, which would be used for harbour and coast defence. 
These two groups have been named, by the English Admiralty, the first and 
second-class groups, respectively, 

The dimensions of the present English second-class boats are:—Length, over 
all, 63 ft.; beam, 7 ft. 6 in.; draught of water, 3 ft. 4 in. ; displacement, 124 tons. 
The hull is constructed of Bessemer steel, galvanised, and is divided into ten com- 
partments by means of bulkheads and half-bulkheads, The machinery consists of 
a pair of compound surface condensing-engines, having cylinders 8} in. and 13 in. 
diameter respectively, by 8 in. stroke; giving 150 indicated horse-power at a 
speed of 653 revolutions per minute, corresponding to 17°65 knots per hour, the 
maximum measured-mile speed attained by these boats. The surface condenser is 
of copper, tinned inside, and the condensing water is supplied by means of a 
centrifugal pump 8 in. diameter, driven by a separate engine. The boiler is of the 
locomotive type, the shell being made of steel with a copper fire-box and brass 
tubes, strong enough to withstand a water-pressure of 260 Ibs., and a working 
pressure of 130 lbs. per sq. in. The area of the fire-grate is 6:6 sq. ft., and the 
heating surface 268 sq. ft. The stokehold is entirely enclosed, and the air is 
supplied to the boiler by means of a fan, driven by an independent engine, which 
at a speed of 800 revolutions per minute gives a pressure of from 2 to 3 in. of 
water. The stokers are kept cool and comfortable by the large volume of air 
passing through, and to provide for their safety the fire-door of the boiler is made 
to shut tight; the ash-pan is cased in with a light casing, having flaps in front 
opening inwards, which would close on any undue pressure, such as would arise 
from the bursting of a tube or other sudden leakage in the boiler; and an escape, 
closed at normal pressure by a door fastened by a spring, is carried up to the deck. 
By means of a nozzle fitted into the bottom part of the barrel of the boiler, and a 
pipe carried to the deck, the boiler of the boat can be connected with the ship’s 
boiler, and a steam-pressure of 60 Ibs. raised in about 9} minutes, by which time 
the fan, also driven by the borrowed steam, has brought the fire into condition to 
maintain that pressure. 

These boats are fitted with an ejector in the stokehold, capable of ejecting 45 
tons of water per hour. The centrifugal pump can be utilised for emptying the 
bilges, and the two together would eject the whole displacement of the boats every 
ten minutes. The lifting weight of the boats all on board is 124 tons, and the | 
lifting is effected by means of slings, attached to hoops on the bulkheads forward 
of the boiler-room and aft of the engine-room. 

The second-class boats, built or building by the author’s firm for the Danish 
and Italian Governments, are substantially the same as the English second-class in 
hull, engines and boilers; but in the Danish boats the pumping is done by ejectors 
alone, six of which are fitted in different parts of the boat, and are capable of 
ejecting the whole displacement every 53 minutes. The ease and readiness with 
which an ejector can be turned on in any compartment without the necessity of 
communicating with the engine-room are a strong recommendation in favour of that 
method of pumping. AJl second-class boats now carry two 14-in. Whitehead torpe- 
does, and the Danish and Italian also carry two-barrelled Gardner machine-guns, 

There are three methods of ejecting the torpedoes. The earlier English boats 
are fitted with davits and discharging frames, so arranged that the frames can be 
lowered over the side, close to the boat and parallel to its centre line, to a depth of 
2 ft. under the surface of the water. In this system no external impulse is used ; 
the pulling of a lanyard liberates the torpedo and starts its engine. 

This system has been superseded in the later English boats, in which the 
torpedoes are laid all ready for discharging in two troughs on the forward part of 
the deck, and are projected therefrom by means of two pistons and rods working 
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in steam cylinders 43 in, diameter, by 7 ft. stroke. This system has given excellent 
results in experiments at Portsmouth. 

In the later Danish and Italian boats the troughs have been replaced by tubes 
from which the torpedoes are ejected by compressed air stored in reservoirs and 
admitted into the tubes behind the torpedoes. Besides other advantages possessed. 
by the air-impulse system, so long as the reservoirs and torpedoes are charged, the 
boats may be used independently of steam being up in their boilers, and would thus 
serve as so many launching tubes on the ships to which they are attached. 

Coming to the first-class boats, these, in general construction, hull, engines, 
and boilers, resemble the second-class type, but are, of course, on a larger scale. 

The dimensions of most of the Admiralty first-class boats are :—Length over 
all, 87 ft.; beam, 10 ft. 10 in.; draught of water, 5 ft. 2 in., with a displacement 
of 82'4 tons. That, however, represented by the model was 90 ft. 6 in. over all, 
by 10 ft. 10 in. beam, and, like the rest, was fitted with engines having cylinders 
122 and 202 in. respectively in diameter by 12 in. stroke, which, on trial, gave 
indicated horse-power 469 at 443 revolutions per minute and speed 21? knots 

er hour, 
; The Italian type of first-class boat is 100 ft. long, 11 ft. 8 in. beam, and has a 
draught of water of 5 ft. 5 in., and 34°5 tons displacement. The cylinders are also 
somewhat larger, being 134 and 22 in. diameter, respectively ; the boilers are also 
larger, haying a grate surface of 19°4 sq. ft., and a heating surface of 698°8 sq. ft. 

The subdivision of the hulls by bulkheads and half-bulkheads is similar to that 
in the second-class boats, and ejectors are similarly fitted. The six ejectors of the 
Italian boats are alone capable of pumping out the whole displacement in 72 
minutes. In the Italian boats all the pumps are driven by a separate engine, and 
the main engines are devoted entirely to propelling the boat. 

The English first-class boat carries three 14-in. Whitehead torpedoes, two in 
transporting carriages on the sides of the vessel, and one in the torpedo gun, as 
it has been called, on the forward deck. By means of this gun, which can be 
elevated or trained like an ordinary gun, the torpedo may be projected ahead or on 
either side. Hence there is no necessity for attacking bows on, as in the second- 
class boats, or for stopping immediately before or after the discharge. In the 
earlier examples, the torpedo was ejected by an air-impulse gear; now, a cartridge, 
containing a slow-burning powder, is used. 

The objections to this system are—that the boat carries to the attack only one 
torpedo ready to be ejected; that the gun cannot be reloaded without retiring, or 
else exposing the men engaged in the operation to great danger; and the reserve 
torpedoes are liable to be hit by Nordenfeldt bullets or Hotchkiss shell, either of 
which would certainly disable them, and might even cause a destructive explosion. 

The Italian and Danish boats carry four 14-in. Whitehead torpedoes, arranged 
as in their second-class boats, that is—two in the ejecting tubes, and two in the 
loading troughs, immediately behind, but in this case all are completely enveloped. 
in the hull of the boat. To reach them, a bullet would have to penetrate 4 in. of 
plating, and } in. of tube, in all Sin. The torpedo is ejected be an air-impulse 
gear, similar to that already described, the air for which and for the torpedoes is 
supplied at a pressure of 70 atmospheres by a small air-compressing pump in the 
engine-room, 

A permanent lifting gear, similar to that of the second-class boats, has recently 
been fitted to these boats, and the first two of them, weighing about 28 tons each, 
were shipped in an hour and a half. 

The largest torpedo-boat built by the author’s firm, and the largest yet afloat, 
is that lately supplied to the Danish Government. She is 110 ft. long by 12 ft. 
beam, draws 6 ft. 3 in. of water, and has a displacement of 523 tons. Her speed 
on the three hours’ trial was 20 Imots per hour, and she carries coal (10 tons) to 
steam 1,200 knots at a speed of about 11 knots. Her armament consists of four 
15-in. Whitehead torpedoes, 19 ft. in length, and carrying a charge of 80 Ibs. of 
gun-cotton. The Danish Government propose to carry this boat and others of her 
class from point to point of the coast on their railways, so that an enemy would 
know nothing of their movements or where to expect them. 
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A still larger boat is under construction for the Russian Government ; she will 
be 118 ft. long by 12 ft. 6 in. beam, with a displacement of 583 tons. Her contract 
speed is the same as that of the Danish boat, but will be obtained under severer 
conditions, to secure that the trial trip speed shall be maintained on actual service. 

Relatively to the Whitehead torpedo, the Spar torpedo must be considered as 
a torpedo with a spar 10 yards, as compared with one having a spar 400 yards 
long, that being the range at which the Whitehead torpedo may be considered 
tolerably effective. Yet the Spar torpedo is not to be looked on as obsolete, and in 
the hands of a seafaring population, trained to the use of torpedo-boats, it would 
prove most efficient. In circumstances such as prevailed at the bombardment of 
Alexandria, when the attacking ships were so enveloped in smoke that the firing 
had to be suspended, it is a question whether the Spar torpedo would not have 
been both the most certain and the least hazardous weapon of attack. The 
English first-class boats are now being armed with the Spar torpedo as an 
alternative armament. 

In conclusion, the author pointed out the importance of a properly-organised 
torpedo service for coast defence both at home and in our colonies, and particularly 
for our scattered coaling stations, which, in the exigencies of a great war, might 
be left a prey tu any adventurous captain. A disaster to our navy, or the calls 
that might be made upon it in a great war, might leave our harbours and navigable 
rivers temporarily exposed to the attack of an enemy, and although no one would 
propose that torpedo boats should take the place of forts and land defences, yet the 
knowledge of their presence, and the risk of being struck at any moment in his 
most vulnerable part, would compel an enemy to approach our forts with far 
greater circumspection than was considered necessary in encountering the heavy 
guns of the Alexandrian batteries. 


3. Current Meter Observations in the Tidal Compartment of the Thames. 
By Professor W. C. Unwin, M.LC.L. 


These observations were made with the object of testing a new form of current 
meter made by Messrs. Amsler Laffon, of Schaffhausen, and also to examine how 
far current meter observations could be usefully carried out in a tidal river. 

The current meter is a screw current meter, differing from those ordinarily used 
in the mode of suspension, and in haying an electrical signalling arrangement. The 
meter is carried in gimbals and is free to move in any direction. A long conical 
rudder keeps the screw normal to the direction of the stream. The meter is sus- 
pended in the water by a steel wire with a weight of 40 kilogrammes below it. A 
small crab or winch for lowering out or raising the meter carries an index, show- 
ing the exact depth of the meter from the water surface. The author found the 
arrangement to work extremely well, the conical rudder appeared to have adequate 
directing power and the meter held its proper position in the water with very great 
steadiness. At every 100 rotations of the screw, an electrical circuit is made which 
rings a bell above water. To obtain the rate of rotation, it is therefore only neces- 
sary to note the time of 100 or 200 or 500 revolutions by a chronograph stop-watch. 
'The velocity of the water is obtained from the number of rotations observed, by a 
suitable formula, with constants determined by previous experiments. . 

In ordinary river gauging, the difficulty of obtaining accurate results arises, 
chiefly, from the variations of velocity at each point due to the unsteady motion of 
the water and the eddies superposed on the general forward motion. In a tidal 
stream, there is the additional difficulty that the velocity is periodically varying with 
the continuous change of the depth and surface slope. That observations in a tidal 
stream should be of any use therefore, it is very necessary that they should be made 
with considerable rapidity. In the experiments here described the author took entire 


charge of the current meter, alterins i:s position, noting the time, and recording the 
revolutions himself. Nevertheless, on the average of six days’ work, one velocity 
se obtained on the average every thrce minutes, a degree of rapidity very satis- 
actory. 


The observations were all taken o» one vertical, in water varying with the phase 
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of the tide from about 2:2 to 7-3 metres in depth. The observations were taken 
sometimes at every metre of depth, but more generally at 0:5 metre below the sur- 
face, at mid depth, and at 0-2 metre above the bottom. The position of the metre 
in depth was changed after each observation. Curves were shown giving the 
velocities near the surface, at mid-depth, and at the bottom during two ebb tides and 
during a period extending from the end of one ebb, through the period of flow, and 
into the next period of ebb. 

The calculation of the discharge of the river at different periods, and its com- 
arison with the amount of upland water, cannot be given without tables, but the 
ollowing general facts are interesting. 

1. The change in the river-depth at the turn of the tide begins markedly 

earlier than the change in the direction of flow. 

2. The relation of the surface and subsurface velocities is similar to that in a 
non-tidal river at all periods of ebb and flow. 

3. The velocities could not be observed exactly at the turn of the tide, but 
within a very short period after that instant the bottom water was in motion with 
aed bearing the same relation to the surface velocity as at other periods of 
the tide. 

4. The change of velocity for the half-hour before and after the turn of the tide 
is extremely rapid. 

The observations were made at Putney and Westminster, and the greatest. 
velocities observed were a little less than one metre per second, 


4. An Apparatus for recording the results of ecperiments with Railway Brakes. 
By Sir Freperick Bramwett, F.R.S. 


This apparatus mainly consists of a train of wheelwork set in motion by a 
spring, which can be wound up by hand. The motion of the wheelwork causes a 
continuous strip of paper, of about an inch in width, to travel endways at a regular 
speed, under a pencil moved alternately to the right and to the left, at right angles 
to the direction of motion of the paper, the motion of the pencil being produced 
by connection with an axle of the locomotive drawing the train to which the 
brakes are attached, a motion of the pencil to the right, and one to the left, being 
made for each revolution of the axle. It is essential that the axle giving motion 
to the pencil should neither be driven by the engine nor should its wheels have 
brakes upon them. 

A second pencil is provided, capable of being moved by hand, also at right 
angles to the direction of motion of the paper. ach of the pencils can be placed 
in contact with, or removed from, the paper at the will of the operator. 

The mode of working is as follows :— 

The apparatus being fixed on the locomotive, and the pencil coupled up with 
the rod of an eccentric placed on the axle, the spring controlling the wheelwork is 
wound up, and the continuous strip of paper set in motion. Then the pencil 
is put into contact with the strip of paper, and as the paper moves endways, the 
pencil makes a series of marks upon it, each of these representing one revolution 
of the axle, and each representing therefore a forward motion of the locomotive, 
and of the carriages attached to it, equal to the circumference of the wheels on 
that axle. The speed at which the paper moves was regulated when the apparatus 
was constructed, but this speed is ascertained, with absolute accuracy, for each 
experiment by means of the hand-worked pencil making a second mark upon 
the paper, and being moved alternately to the right and to the left at any interval 
of time. 

Upon the signal for the shutting off of the steam and the putting on of the 
brakes being given, a further mark is made by the hand-worked pencil, and this 
pencil is kept at its then position until the locomotive and the carriages attached 
to it have come to rest, when a further mark in the opposite direction is made. 

Upon considering the diagram thus produced it will be seen that it shows— 

Ist. The number of revolutions of the driving wheel, and therefore the distance 
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travelled, and the speed during any given space of time before the brakes are 
ut on. 

; 2nd. The time that has been occupied in bringing the locomotive and the car- 

riages to rest after the brakes are put on; and 

3rd. The number of revolutions that have been made by the engine, and there- 
fore the distance travelled during this time. 

These are all the necessary elements for recording the efficiency in ‘ stopping 
power’ of any railway brake. The weight of the locomotive and of the carriages 
attached to it being known, the speed at which they are travelling when the brakes 
are put on; the time which it takes to bring them to rest; and the distance over 
which they travel after the brakes are put on, can all be obtained from the diagram. 


5. On a combined Gas Motor and Cold Air Machine. 
By J. J. Conan. 


The author described a combination of the refrigerating machine invented by 
himself with a gas engine of the Otto type, the object being to enable the machine 
to be used when steam power was not available. 


6. Collapsible Boats. By KH. L. Berruon. 


The author described the system invented by himself of collapsible boats, and 
recommended its adoption in sea-going vessels. 


7. The Pressure of Wheat stored in Elongated Cells or Bins. 
By Isaac Roszrts, F.G.S. 


The author gave an account of certain experiments carried out by him with 
the view of ascertaining the pressure on the bottom of the tall bins im which corn 
is frequently stored. The result of these experiments showed that, after the corn 
had reached a certain height in the bin, the weight of any further additions was 
taken by the sides of the bin and caused no increased pressure on the bottom. 
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wires of different diameters without 
raising the external temperature above 
a certain limit, 2d. 

Forbes (Dr. L.), the geography and 
meteorology of Kansas, 625. 

Fordham (H. G.) on the erratic blocks of 
England, Wales, and Ireland, 243. 

Formula of Alfred R. Wallace, the, in its 
relations to characters and alphabets, 
Hyde Clarke on, 608. 

Forth bridge, the, by B. Baker, 419. 

Fossil polyzoa, third report on (Jurassic 
species—British area only), 249. 

Fossils of the inferior oolite, Rev. G. F. 
Whidborne and Prof. W. J. Sollas 
on some, 534; lamellibranchiata, 7d. ; 
spongide, id. 

Foster (A. Le Neve) on the determination 
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of a gauge for the manufacture of 
various small screws, 511. 

Foster (Dr. C. Le Neve) on underground 
temperature, 72. 

Foster (Prof. G. C.) on fixing a standard 
of white light, 38; on standards for 
use in electrical measurements, 70; 
on the present state of our knowledge 
of spectrum analysis, 120; on the work- 
ings of the proposed revised New Code, 
and of other legislation affecting the 
teaching of science in elementary 
schools, 307. 

Foster (Dr. M.) on the influence of bodily 
exercise on the elimination of nitrogen, 
269 ; on the Scottish zoological station, 
282; on the occupation of a table at 
the zoological station at Naples, 288. 

Fowler (J.), Address by, to the Me- 
chanical Section, 655. 

Fraser (Dr. A.) on the early development 
of certain rodents, 574. 

Fundamental invariants of binary quan- 
tics, the calculation of tables of, report 
on, 37. 


Galloway (Mr.) on underground tem- 
perature, 72. 

Galton (Capt. D.) on the circulation of 
underground waters, 213; on patent 
legislation, 310. 

Galton (F.) on obtaining photographs of 
the typical races in the British Isles, 
270; on the work of the Committee 
for carrying out the recommendations 
of the Anthropometric Committee of 
1880, 278. 

*Galvanometer. a new form of, for 
measuring currents and potentials in 
absolute units, Prof. Sir W. Thomson 
on, 464. 

Gamgee (Prof.), Address by, to the Bio- 
logical Section, 554, 

Gardner (J. 8.), suggestions for a re- 
vised classification of British Eocenes, 
539; on the cause of elevation and 
subsidence of land, 541. 

Gas illumination, improvements in, by 
W. Sugg, 669. 

Gas motor and cold air machine, a com- 
bined, J. J. Colman on, 678. 

Geddes (P.), report on the occupation of 
the table at the zoological station at 
Naples, 290. 

Geikie (Prof.), on underground tempera- 
ture, 72. 

Genese (Prof. R. W.) on linear syzygetic 
relations between the coefficients of 
ternary quadries, 452. 

Geographical evolution of the Tangan- 
yika basin, Joseph Thomson on the, 
622. 

Geographical Section, Address by Sir R. 
Temple to the, 613. 
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Geography and meteorology of Kansas, 
the, by Dr. L. Forbes, 625. 

*Geography, physical, some points of, 
observed during a recent tour round 
South America, by J. Ball, 622. 

Geological map of Europe, report on the 
preparation of an international, 241. 

Geological Section, Address by R. 
Etheridge to the, 502. 

Geology of Cardigan town, W. Keeping 
on the, 531. 

of the Channel Islands, problems in 

the, by Rev. E. Hill, 550. 

of the Channel tunnel, Prof. W. 

Boyd Dawkins on the, 542. 

and mining of the United States of 

Colombia, §.A., notes on, by R. B. 

White, 552. 

and paleontology of Oxfordshire, 
of Berkshire, and of Buckinghamshire, 
list of works on the, by W. Whitaker, 
327. 

Giles (A.) on the Southampton Docks, 
669. 

Glacial markings noticed on sandstone 
conglomerates at Skelmorlie and Aber- 
foil, Prof. J. Thomson on features in, 
537. 

Gladstone (Dr. J. H.) on meteoric dust, 
90; on the workings of the proposed 
revised New Code, and of other legis- 
lation affecting the teaching of science 
in elementary schools, 307 ; on second- 
ary batteries, with special reference to 
local action, 447. 

Glaisher (J.) on underground tempera- 
ture, 72; on the circulation of under- 
ground waters, 213; on the survey of 
Eastern Palestine, 296; on the best 
means of ascertaining the effective 
wind-pressures to which buildings and 
structures are exposed, 315. 

Glaisher (J. W. L.) on a partial dif- 
ferential equation, 454; on a theorem 
in elliptic functions, 456. 

Godwin-Austen (Lieut.-Col.) on the na- 
tural history of Socotra and the adja- 
cent highlands of Arabia and Somali 
Land, 281. 

Gould (R. de T.) on decimal coinage and 
measures in America, 653. 

*Graham (C.), the dominion of Canada, 
especially with regard to the geo- 
graphy of the North-West territory, 
628. 

Grant (Prof.) on the measurement of the 
lunar disturbance of gravity, 95. 

Grantham (R. F.) on the reclamation of 
Brading Harbour, 669). 

Gray (T.) on the earthquake phenomena 
of Japan, 205. 

Great Nebula in Orion, the photographic 
spectrum of the, Dr. W. Huggins on, 
443, 
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*Greenhill (A. G.) on the rotation of a 
homogeneous liquid ellipsoid, 450. 

Giinther (Dr.) on the natural history of 
Socotra and the adjacent highlands of 
Arabia and Somali Land, 281. 


Hematite deposits in the carboniferous 
limestone, E. Wethered on the origin 
of, 533. 

Hail, Prof. T. Schwedoff on the origin 
of, 458. 

——, Schwedoff’s theory of, Prof. 8. P. 
Thompson on, 458. 

‘Halifax Hard Bed,’ Lower Coal Mea- 
sures, preliminary report on the flora 
of the, 267. 

Hampshire, notes relating to some of the 
drift phenomena of, by Prof. Prest- 
wich, 529. 

Hancock (Dr. N.) on the appropriation 
of wages and other sources of income, 
297; on patent legislation, 310. 

Harcourt (A. Vernon) on fixing a stan- 
dard of white light, 38; the aerortho- 
meter, an instrument for correcting 
the measure of a gas, 499. 

Hardy (T.) on the migration of birds, 
283. 


Harmonic analysis used in deducing the © 


numerical values of the tides of long 
period, G. H. Darwin on the, and ona 
misprint in the tidal report for 1872, 
319. 

Harris (G.), ebb and flow in mental en- 
dowment, 606; the influence of the 
intellectual faculties in relation to the 
direction and operation of the material 
organs, 609. 

Harrison (J. Park) on obtaining photo- 
graphs of the typical races in the British 
Isles, 270; on the work of the Com- 
mittee for carrying out the recom- 
mendations of the Anthropometric 
Committee of 1880, 278; *on the 
length of the second toe of the human 
foot, 606; *the jutes of the Isle of 
Wight, 607; *on the physical charac- 
teristics of the Saxon, id. 

Hartlaub (Dr. G.) on the natural history 
of Socotra and the adjacent highlands 
of Arabia and Somali Land, 281. 

Hartley (Prof.) on the present state of 
our knowledge of spectrum analysis, 
120; on the ultra-violet spark spectra 
emitted by metallic elements, and 
their combinations under varying con- 
ditions, 143. 

Hartog (Dr. M. M.) on the nature of the 
‘telson’ and ‘caudal furca’ of the 
Crustacea, 575: 

Harvie-Brown (J. A.) on the migration 
of birds, 283. 

Hawkshaw (J. C.), the Channel tunnel, 
404. 
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Hawksley (T.) on the best means of 
ascertaining the effective wind-pres- 
sures to which buildings and _ struc- 
tures are exposed, 315. 

Head (J.) on the appropriation of wages 
and other sources of income, 297. 

*Heart, the mammalian, Prof. H. N. 
Martin on some new methods of in- 
vestigating the physiology of, 578. 

Herschel (Prof. A. 8.) on underground 
temperature, 72; on meteoric dust, 
90. 

Hesse-Wartegge (E. von), the Spanish 
territories of North America, 627. 

Heycock (C. T.), a revision of the atomic 
weight of rubidium, 499. 

Heywood (J.) on the work of the com- 
mittee for carrying out the recommen- 
dations of the Anthropometric Com- 
mittee of 1880, 278; on the workings 
of the proposed revised New Code, and 
of other legislation affecting the teach- 
ing of science in elementary schools, 
307. 

Hicks (W. M.) on recent progress in 
hydrodynamics: Part II. Special 
problems, 39. 

Hill (Rev. E.), problems in the geology 
of the Channel Islands, 550. 

Hill (P.) on the appropriation of wages 
and other sources of income, 297. 

Hockin (C.) on standards for use in 
electrical measurements, 70. 

Hooker (Sir J.) on the natural history of 
Socotra and the adjacent highlands 
of Arabia and Somali Land, 281. 

Hopkinson (Dr. J.) on standards for use 
in electrical measurements, 70. 

Howes (G. B.) on the presence of a ‘ tym- 
panum’ in the genus Raia, 577. 

Huggins (Dr. W.) on the photographic 
spectrum of comet (Wells) 1, 1882, 
442; on the photographic spectrum of 
the Great Nebula in Orion, 443. 

Hughes (Prof. T. McK.) on the preparation 
of an international geological map of 
Europe, 241; on the erratic blocks of 
England, Wales, and Ireland, 243. 

Hull (Prof. EH.) on underground tempera- 
ture, 72; on the circulation of under- 
ground waters, 213. 

Hunt (A. R.), evidence of wave-action at 
a depth of 40 fathoms in the English 
Channel, 535. 

Huntington (Prof. A. K.) on the present 
state of our knowledge of spectrum 
analysis, 120; on the ultra-violet spark 
spectra emitted by metallic elements, 
and their combinations under varying 
conditions, 143. 

—and Dr. C. W. Siemens on the 

electric furnace, 496. 

Huxley (Prof.) on the Scottish zoological 

station, 282; on the occupation of a 
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tableatthe zoological station at Naples, 
288. 
Hydrocarbons of the formula (C, Hs)n, 
by Prof. W. A. Tilden, 494. 
Hydrodynamics, report on recent progress 
in: Part II., Special problems, 39. 
Hydrogen dioxide, the mode of formation 
of, C. T. Kingzett on, 494. 


*Instructional system of arrangement in 
provincial museums, F, T. Mott on an, 
597. 

Intellectual faculties, the influence of the, 
in relation to the direction and opera- 
tion of the material organs, by G. Harris, 
609. 

International geological map of Europe, 
report on the preparation of an, 241. 
Tron and lead measures of Tynehead, 
Alston, C. E. De Rance on the, 531. 
Trrawaddi river, some remarks on the 
source of the, by C. H. Lepper, 612. 
Irving (Rev. A.), notes on Alpine post- 
carboniferous (diassic) and _ triassic 

geology, 551. 


Japan, the earthquake phenomena of, 
second report on, 205. 

, the occurrence of tellurium and 
selenium in, Prof. E. Divers and 
M. Shimosé on, 487. 

Jeffery (H. M.)on the rectifiable spherical 
epicycloid, or involute of a small circle, 
453. 

Jeffreys (Dr. Gwyn) on the Scottish 
zoological station, 282. 

Jenkin (Prof. F.) on standards for use 
in electrical measurements, 70. 

Jevons (Prof.) on the appropriation 
of wages and other sources of income, 
297. 

*Jutes of the Isle of Wight, the, by J. 
Park Harrison, 607. 


Kansas, the geography and meteorology 
of, by Dr. L. Forbes, 625. 

Keeping (W.) on the geology of Cardigan 
town, 531. 

Kermode (P. M. C.) on the migration of 
birds, 283. 

Kinahan (G. H.) on explorations in caves 
of carboniferous limestone in the South 
of Ireland, 240. 

Kingzett (C. T.) on theactivity of oxygen, 
and the mode of formation of hydrogen 
dioxide, 494. 

Koch's discovery of the bacillus of tuber- 
culosis, considerations arising from, by 
F, J. Faraday, 578. 


*Lacerta muralis, W. R. Weldon on the 
early development of the, 579. 

Langley (Prof. 8. P.) on the distribution 
of energy in the solar spectrum, 459. 
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Lankester (Prof. Ray) on the Scottish 
zoological station, 282; on the oceupa- 
tion of a table at the zoological station 
at Naples, 288. 

Lawrence (Rev. F.) on the survey of 
Eastern Palestine, 296. 

Laws defining the strength of current 
which can be sent through wires of 
different diameters without rising the 
external temperature above a certain 
limit, Prof. G. Forbes on the, 668. 

Lawson (Prof. M. A.), Address by, to 
the Department of Zoology and Botany, 
580. 

Lebour (Prof. G. A.) on underground 
temperature, 72; on the circulation of 
underground waters, 213. 

Lee (J. E.) on the erratic blocks of 
England, Wales, and Ireland, 243. 

Leech, the muscular tissue of the, T. 
W. Shore, jun., on the structure of, 
577. 

Lepper (C. H.), the question of an over- 
land route to China from India via 
Assam, with some remarks on the source 
of the Irrawaddi River, 612. 

Levi (Prof. L.) on the work of the Com- 
mittee for carrying out the recom- 
mendations of the Anthropometric 
Committee of 1880, 278; on the ap- 
propriation of wages and other sources 
of income, 297; the state of crime in 
England, Scotland, and Ireland in 1880, 
375, 

Light, white and coloured, the velocity 
of, Prof. G. Forbes on, 441. 

Linear syzygetic relations between the 
coefficients of ternary quadrics, Prof. 
R. W. Genese on, 452. 

Lister (T.) on the distribution and dates 
of. spring migrants in Yorkshire, com- 
pared with West of England and 
Treland, 589. 

Liveing (Prof. G. D.) onthe present state 
of our knowledge of spectrum analysis, 
120; on the preparation of a new series 
of tables of wave-lengths of the spec- 
tra of the elements, 144; Address by, 
to the Chemical Section, 479. 

and Prof. Dewar on the reversals of 
the spectral lines of metals, 495. 

Lockyer (J. N.) on the proposed publica- 
tion by the Meteorological Society of 
the Mauritius of daily synoptic charts 
of the Indian Ocean from the year 
1861, 38; on the preparation of a new 
series of tables of wave-lengths of the 
spectra of the elements, 144. 

Lodge (Dr. O. J.) on standards for use 
in electrical measurements, 70. 

Lolo character of Western China, the, 
by Hyde Clarke, 607. 

Loughton Camp, the ancient earthwork 
in Epping Forest known as the, pre- 
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liminary report on the investigation 
of, 274. 

Lubbock (Sir J.) on the workings of the 
proposed revised New Code, and of 
other legislation affecting the teaching 
of science in elementary schools, 307. 

Lunar disturbance of gravity, the mea- 
surement of, second report on, 95. 


*Macdonald (DraJ. D.) on the perception 
of colour in man and the lower animals, 
575. 

Mackintosh (D.) on the erratic blocks of 
England, Wales, and Ireland, 243. 

McIntosh (Prof.), preliminary note on 
Cephalodiscus, a new form allied to 
Prof. Allman’s Rhabdopleura, dredged 
in H.M.S. ‘ Challenger,’ 596. 

McLeod (Prof.) on the present state of 
our knowledge of spectrum analysis, 
120. 

MacMahon (Capt. P. A.), integration of 
an equation connected with the elliptic 
functions, 450. 

Macrory (H.) on patent legislation, 310. 

Magnetic metals, the alteration in the 
dimensions of the, by the act of mag- 
netisation, Prof. W. F. Barrett on, 476. 

*Magnetic susceptibility, a method of 
investigating, Prof. Sir Wm. Thomson 
on, 474. 

Magnetical and meteorological weather, 
a similarity between, Prof. Balfour 
Stewart on, 460. 

Mahomed (Dr. F. H.) on the work of the 
Committee for carrying out the recom- 
mendations of the Anthropometric 
Committee of 1880, 278. 

Mallock (A.) on a machine for ruling 
large diffraction gratings, 466; on a 
mechanical self-registering thermo- 
meter, 477. ; 

Man’s evolution, evidence as to the scene 
of, and the prospects of proving the 
same by paleontological discovery, by 
W.S. Duncan, 605. 

Manson (Dr. P.) on the destiny of the 
filaria in the blood, 579. 

Marcoartu (Don A. de) on a proposed 
international congress to diminish the 

_ casualties at sea, 653. 

Marriott (W.) on a method of obtaining 
ammonia from shoddy and allied sub- 
stances, 500. 

Marten (E. B.) on the circulation of 
underground waters, 213. 

*Martin (Prof. H. N.) on some new 
methods of investigating the physiology 
of the mammalian heart, 578. 

Maskelyne (Prof. N. 8.) on the workings 
of the proposed revised New Code, and 
of other legislation affecting the teach- 
me of science in elementary schools, 
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Mathematical and Physical Section, Ad- 
dréss by Prof. Lord Rayleigh to the, 
437. 

Maximum velocity, depression of, by 
Major A. Cunningham, 665. 

Mechanical Section, Address by J. Fowler 
to the, 655. 

Meldola (R.) on the investigation of the 
Loughton Camp, 274. 

Mental endowment, ebb and flow in, by 
G. Harris, 606. 

Mercury, the comparison of the, with 
the hydrogen thermometer, Prof. J. M. 
Crafts on, 449. 

vapours, the tension of, at com- 
mon temperatures, Prof. Lord Rayleigh 
on, 441. 

Merrifield (C. W.) on patent legislation, 
310; on the best means of ascertaining 
the effective wind-pressures to which 
buildings and structures are exposed, 
315. 

Merv, E. O’Donovan on, 624. 

Metallic compounds containing bivalent 
hydrocarbon radicals, Prof. Sakurai 
on, Part III., 495. 

Metamorphic change in old red sandstone 
conglomerate, mention of an example 
of an early stage of, near Aberfoil, by 
Prof. J. Thomson, 536. 

Meteoric dust,report on the practicability 
of collecting and identifying, and on 
the question of undertaking recular 
observations in various localities, 90. 

Meteorological and magnetical weather, 
a similarity between, Prof. Balfour 
Stewart on, 460. 

Migration of birds, report on the, 283. 

Milne (Prof. J.) on the earthquake phe- 
nomena of Japan, 205. 

Milnes (A.), the Ricardo theory of rent, 
642. 

Misprint in the tidal report for 1872, G. 
H. Darwin on a, 319. 

Molyneux (W.) on the circulation of 
underground waters, 213. 

More (A. G.) on the migration of birds, 
283. 

Morton (G. H.) on the circulation of 
underground waters, 213. 

*Mott (F. T.) on an instructional system 
of arrangement in provincial museums, 
597. 

Muirhead (Dr.) on obtaining photographs 
of the typical races in the British 
Isles, 270. 

Muirhead (Dr. A.) on standards for use 
in electrical measurements, 70. 

*Musical instrument, J. Philips on a, 478. 


New Code, the proposed revised, report 
of the Committee for watching and 
reportivg on the workings of, and of 
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other legislation affecting the teaching 
of science in elementary schools, 307. 

Newton (Prof.) on the migration of 
birds, 283; on the occupation of a 
table at the zoological station at 
Naples, 288. 

North Sea fisheries, the, by O. T. Olsen, 
640. 


Odling (Prof.) on the ultra-violet spark 
spectra emitted by metallic elements, 
and their combinations under varying 
conditions, 143. 

O’Donovan (H.) on Merv, 624. 

Old red sandstone conglomerate, mention 
of an example of an early stage of 
metamorphic change in, by Prof. J. 
Thomson, 536. 

Oligocene strata in the Hampshire basin, 
J. W. Elwes on the classification of 
the, 539. 

Olsen (O. T.), the North Sea fisheries, 
640. 

Overland route to China from India vid 
Assam, the question of an, by C. H. 
Lepper, 612. 

Oxygen, the activity of, and the mode of 
formation of hydrogen dioxide, C. T. 
Kingzett on, 494. 


Paleontology of Oxfordshire, of Berk- 
shire, and of Buckinghamshire, list of 
works on the, by W. Whitaker, 327. 

Palestine, Eastern, report of the Com- 
mittee for promoting the survey of, 
296. 

Parasites of Egypt, the injurious, in re- 
lation to water-drinking, by Dr. Cob- 
bold, 592. 

Parker (J.) on the circulation of under- 
ground waters, 213. 

Parker (W. N.) on the kidneys of the 
Teleostei, 577. 

Patent legislation, report on, 310. 

Pengelly (W.) on underground tempera- 
ture, 72; on the circulation of under- 
ground waters, 213; on the erratic 
blocks of England, Wales, and Ire- 
land, 243; on the post-miocene de- 
posits of the Bovey Basin, South 
Devon, 532; *pre-historic remains in 
the deposits of Bovey Basin, South 
Devon, 607. 

*Perception of colour in man and the 
lower animals, Dr. J. D. Macdonald 
on the, 575. 

Perry (J.) on standards for use in elec- 
trical measurements, 70. 

Persia, some unexplored or little known 
parts of, Col. Sir O. St. John on, 628. 

, Central, and the sea, the various 

means of communication between, 

Lieut.-Col. J. W. B. Champain on, 

628. 
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Petroleum, the legal flashing test for, 
F. A. Abel on, 486. 

Pfoundes (C.), our sailors for defence 
and commerce—at home and abroad, 
641. 

*Philips (J.) on a musical instrument, 


Photographic spectrum of comet (Wells) 
1, 1882, 442. 

—— of the Great Nebyla in Orion, 443. 

Photographs of the typical races in the 
British Isles, report of the Committee 
appointed to obtain, 270. 

Physical Section, the Mathematical and, 
Address by Prof. Lord Rayleigh to, 
437. 

Pitt-Rivers (Gen.) on obtaining photo- 
graphs of the typical races in the 
British Isles, 270; on the investiga- 
tion of the Loughton Camp, 274; on 
the work of the Committee for carry- 
ing out the recommendations of the 
Anthropometric Committee of 1880, 
278. 

Plant (J.) on the circulation of under- 
ground waters, 213; on the erratic 
blocks of England, Wales, and Ire- 
land, 243. . 

Plarr (Dr. G.) on the establishment of 
the elementary principles of quater- 
nions on an analytical basis, 451. 

Post-miocene deposits of the Bovey 
Basin, South Devon, W. Pengelly on 
the, 532. 

Powell (G. Baden) on the appropriation 
of wages and other sources of income, 
297 ; on the revenue from the taxation 
of alcohol, 636. 

Preece (W. H.) on fixing a standard of 
white light, 38 ; on standards for use 
in electrical measurements, 70 ; on the 
determination of a gauge for the 
manufacture of various small screws, 
311; on a new hand dynamo-machine, 
447; recent progress in telephony, 
666; on a new arc lamp, 667. 

*Pre-historic remains in the deposits of 
the Bovey Basin, South Devon, by W. 
Pengelly, 607. 

Pressure of wheat stored in elongated 
cells or bins, the, by I. Roberts, 678. 
Prestwich (Prof. J.) on the circulation 
of underground waters, 213; on the 
preparation of an international geo- 
logical map of Europe, 241; on the 
erratic blocks of England, Wales, and 
Treland, 243; notes relating to some 
of the drift phenomena of Hampshire : 
1. Boulders, Hayling Island; 2. Chert 
débris in the Hampshire gravel; 3. 
Elephant Bed, Freshwater Gate, 529; 
on the equivalents in England of the 
‘Sables de Bracheux,’ and on the 
southern limits of the Thanet sands,538. 


INDEX. 


Purser (Prof.) on the measurement, of 
the lunar disturbance of gravity, 95. 
Pye-Smith (Dr.) on the influence of 
bodily exercise on the elimination of 
nitrogen, 269 ; on the Scottish zoologi- 

cal station, 282. 


Quaternions, the establishment of the 
elementary principles of, on an ana- 
lytical basis, Dr. G. Plarr on, 451. 


Raia, the genus, the presence of a ‘ tym- 
panum ’ in, G. B. Howes on, 577. 

Railway accidents, statistical account of, 
for the year 1881, by Rey. Dr. Ace, 
630. 

brakes, an apparatus for recording 
the results of experiments with, by Sir 
F. Bramwell, 677. 

Railways—a plea for unity of adminis- 
tration, by E. J. Watherston, 643. 

Ralph (T. 8.) on some toxic conditions of 
the blood, illustrated by the action of 
hydrocyanic acid, 577. 

Ramsay (Sir A. C.) on underground tem- 
perature, 72; on the earthquake phe- 
nomena of Japan, 205; on the pre- 
paration of an international geological 
map of Europe, 241. 

Ramsay (Prof. W.) on the conditions 
under which ordinary sedimentary 
materials may be converted into meta- 
morphic rocks, 239. 

Ravenstein (E, G.) on the Royal Geo- 
graphical Society’s map of Eastern 
Equatorial Africa, 623. 

Rawson (Sir R.) on the work of the 
Committee for carrying out the re- 
commendations of the Anthropometric 
Committee of 1880, 278. 

Rayleigh (Prof. Lord) on fixing a stan- 
dard of white light, 38; on standards 
for use in electrical measurements, 
70; on the present state of our know- 
ledge of spectrum analysis, 120; Ad- 
dress by, to the Mathematical and 
Physical Section, 437; on the tension 
of mercury vapours at common tem- 
peratures, 441 ; on the absolute mea- 
surement of electric currents, 445; on 
the duration of free electric currents 
in an infinite conducting cylinder, 
446; *on the equilibrium of liquid- 
conducting surfaces charged with elec- 
tricity, 447; *on an instrument for 
measuring the intensity of aérial vibra- 
tion, 477; *on the effect of wind on 
the draught of chimneys, id. 

Rectifiable spherical epicycloid, or invo- 
lute of a small circle, H. M. Jeffery on 
the, 453. 

Reinold (Prof.) on the present state of 
our knowledge of spectrum analysis, 
120. 

1882. 
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Rent, the abstract theory of, by F. Y. 
Edgeworth, 642. 

, the Ricardo theory of, by A. Milnes, 
642. 

Reynolds (Prof. E.) on the present state 
of our knowledge of spectrum analy- 
sis, 120. 

Reynolds (Prof. 0.) on the best means of 
ascertaining the effective wind pres- 
sures to which buildings and struc- 
tures are exposed, 315. 

Ricardo theory of rent, the, by A. Milnes, 
642. 

Ricketts (Dr. C.) on subsidence as the 
effect of accumulation, 540. 

Rige (E.) on the determination of a 
gauge for the manufacture of various 
small screws, 311. 

Rigidity of the earth, a numerical esti- 
mate of the, by G. H. Darwin, 472. 

Rilliet (A.) and Prof. J. M. Crafts on 
the decomposition by heat of chlorate 
of potassium, 493. 

Rivers, a supposed connection between 
the heights of, and the number of 
spots on the sun, Prof. Balfour Stew- 
art on, 462. 

Roberts (C.) on obtaining photographs 
of the typical races in the British 
Isles, 270; on the work of the Com- 
mittee for carrying out the recom- 
mendations of the Anthropometric 
Committee of 1880, 278. 

Roberts (I.) on the circulation of under- 
ground waters, 213; the pressure of 
wheat stored in elongated cells or 
bins, 678. 

Roberts (Prof. W. C.) on the present state 
of our knowledge of spectrum analysis, 
130. 

Rodents, the early development of cer- 
tain, Dr. A. Fraser on, 574. 

Roscoe (Prof.) on meteoric dust, 92; on 
the preparation of a new series of 
tables of wave lengths of the spectra 
of the elements, 144\; on the workings 
of the proposed'revised New Code, and 
of other legislation affecting the teach- 
ing of science in elementary schools, 
307. 

*Rotation of a homogeneous liquid 
ellipsoid, A, G. Greenhill on the, 450. 
Rubidium, a revision of the atomic 

weight of, by C. T. Heycock, 499. 

Riicker (Prof.) on the methods employed 
in the calibration of mercurial ther- 
mometers, 145. 

Rudler (F. W.) on obtaining photographs 
of the typical races in the British 
Isles, 270. 


Sabine (R.) on some apparatus for use in 
connection with electric light measure- 
ment, 667. 
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‘Sables de Bracheux,’ the equivalents in 
England of the, Prof. Prestwich on, 
and on the southern limits of the 
Thanet sands, 538. 

Sailors, our, for defence and commerce 
—at home and abroad, by C. Pfoundes, 
641. 

St. John (Col. Sir 0.) on some unexplored 
or little known parts of Persia, 628. 

Sakurai (Prof.) on metallic compounds 
containing bivalent hydrocarbon radi- 
cals: Part III., 495. 

Salmon (Rev. Dr.) on the calculation of 
tables of fundamental invariants of 
binary quantics, 37. 

Salt supply of India, Prof. V. Ball on 
the, 530. 

Sanderson (Dr. Burdon) on the influence 
of bodily exercise on the elimination 
of nitrogen, 269. 

Saunders (H.) on the natural history of 
Timor-laut, 275. 

*Saxon, the physical characteristics of 
the, J. Park Harrison on, 607. 

Schiifer (Prof. E. A.), an improved 
method of directly determining the 
velocity of the contraction-wave in 
curarised muscle, 575. 

Schuster (Prof.) on fixing a standard of 
white light, 38; on standards for use 
in electrical measurements, 70; on 
meteoric dust, 90; on the present 
state of ow knowledge of spectrum 
analysis, 120; on the preparation of a 
new series of tables of wave leugths of 
the spectra of the elements, 144; on 
some matters relating to the sun, 
442. 

and Capt. Abney, preliminary ac- 
count of results obtained during the 
late total solar eclipse (May 17, 1882), 
441. 

Schwedoff (Prof. T.) on the origin of 
hail, 458. 

Schwedoff’s theory of hail, Prof. §. P. 
Thompson on, 458 

Science in elementary schools, report of 
the Committee for watching and re- 
porting on the workings of the pro- 
posed revised New Code, and of other 
legislation affecting the teaching of, 
307. 

Sclater (?. L.) on the natural history of 
Timor-laut, 275; on the natural history 
of Socotra and the adjacent highlands 
of Arabia and Somali Land, 281; on 
the occupation of a table at the zoo- 
logical station at Naples, 288. 

Sclater-Booth (Rt. Hon. G.), Address by, 
to the Section of Economic Science 
and Statistics, 631. 

Scott (R. H.) on the proposed publication 
by the Meteorological Society of the 
Mauritius of daily synoptic charts of 
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the Indian Ocean from the year 1861, 
38; on meteoric dust, 90. : 

Scottish zoological station, report of the 
Committee appointed to aid in the 
maintenance of the, 282. 

Screws, the various small, used in tele- 
graphic and electrical apparatus, in 
clockwork, and for other analogous 
purposes, report of the Committee for 
determining a gauge for the manufac- 
ture of, 311. 

Sea-route to China from Western Asia, 
notes on the oldest records of the, by 
Col. Yule, 347. 

*Second toe of the human foot, J. Park 
Harrison on the length of the, 606. 

Secondary batteries, Dr. J. H. Gladstone 
on, with special reference te local 
action, 447. 

Sedimentary materials, ordinary, report 
on the conditions under which they 
may be converted into metamorphic 
rocks, 239. 

Seebohm (Mr.) on the natural history of 
Socotra and the adjacent highlands of 
Arabia and Somali Land, 281. 

Selenium and tellurium, the occurrence 
of, in Japan, Prof. E. Divers and M. 
Shimosé on, 487. 

*Senegal, Gambia, and the Gold Coast, 
Commr. V. L. Cameron on, 623. 

Shaen (W.) on the workings of the pro- 
posed revised New Code, and of other 
legislation affecting the teaching of 
science in elementary schools, 307. 

Shaw (Prof. H. S. H.) on a new electrical 
contact-maker, 465. 

Shimosé (M.) and Prof. E. Divers on the 
occurrence of tellurium and selenium 
in Japan, 487. 

Shipping and carrying trade, some in- 
fluences affecting the progress of our, 
Hyde Clarke on, 640. 

Shore (T. W.) and E. Westlake on the 
Southampton artesian well, 547. 

Shore (T. W., jun.) on the structure of 
the muscular tissue of the leech, 
577. 

Siemens (Dr. C. W.) on the measure- 
ment of the lunar disturbance of 
gravity, 95; on patent legislation, 310 ; 
on the determination of a gauge for 
the manufacture of various small 
screws, 311; *suggestions regarding 
the extension of the practical system of 
units, 464. 

—— and Prof. A. K. Huntington on the 
electric furnace, 496. 

Sky light and sun light at high altitudes, 
by Capt..W. de W. Abney, 459. 

Sladen (P.) on the Scottish zoological 
station, 282; on the occupation of a 
table at the zoological station at 
Naples, 288. 
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*Smith (Prof. C. M.) on atmospheric 
electricity, 476. 

Smith (Prof. H. J. 8.) on the proposed 
publication by the Meteorological 
Society of the Mauritius of daily 
synoptic charts of the Indian Ocean 
from the year 1861, 38. 

Socotra and the adjacent highlands of 
Arabia and Somali Land, the natural 
history of, report on the investigation 
of, 281. 

Solar eclipse, the late total (May 17, 
1882), preliminary account of results 
obtained during, by Dr. A. Schuster 
and Capt. Abney, 441. 

Solar spectrum, the distribution of 
energy in the, Prof. §. P. Langley on, 
459. 

Sollas (Prof. W. J.) on the conditions 
under which ordinary sedimentary 
materials may be converted into meta- 
morphic rocks, 239; on the formation 
of flints, 549. 

and Rey. G. F. Whidborne on some 

fossils of the inferior oolite, 534. 

Sorby (Dr. H. C.) on the conditions under 
which ordinary sedimentary materials 
may be converted into metamorphic 
rocks, 239; on fossil polyzoa, 249. 

Sound signals, E. P. Edwards on, 670. 

Southampton artesian well, T. W. Shore 
and EH. Westlake on the, 547. 

Southampton Docks, A. Giles on the, 
669. 

Southampton water, Dr. A. Angell on the 
brown colouration of the, 589. 

Spanish territories of North America, 
E. von Hesse-Wartegg on the, 627. 

Spectral lines cf metals, the reversals of 
the, Prof. Liveing and Prof. Dewar on, 
495. é 

Spectrum analysis, report on the present 
state of our knowledge of, 120. 

Sprague (F.J.), demands of a system of 
electrical distribution, 448. 

Spring migrants in Yorkshire, the date 
and distribution of, compared with 
West of England and Ireland, by T. 
Lister, 589. 

Statistics, Economie Science and, Ad- 

dress by Rt. Hon. G. Sclater-Booth, to 

the Section of, 631. : 

Steel, the treatment of, for the construc- 
tion of ordnance and other purposes, 
Sir W. Armstrong on, 398. 

Stewart (Prof. Balfour) on the proposed 
publication by the Meteorological So- 
ciety of the Mauritius of daily synoptic 
charts of the Indian Ocean from the 
year 1861, 38; on the methods em- 
ployed in the calibration of mercurial 
thermometers, 145; on a similarity 
between magnetical and meteorological 
weather, 460; on a supposed connec- 
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tion between the heights of rivers and 
the number of spots on the sun, 462. 

Stokes (Prof. G. G.) on the proposed 
publication by the Meteorological So- 
ciety of the Mauritius of daily synoptic 
charts of the Indian Ocean from the 
year 1861, 38. 

Stoney (Mr.) on the present state of our 
knowledge of spectrum analysis, 120, 
Stooke (T. 8.) on the circulation of 

underground waters, 213. 

Stopes (H.), the influences of the beer 
duty, 638. 

Strahan (A.) on underground tempera- 
ture, 72. 

Straits of Dover, the synclinal structure 
of the, W. Topley on, 546. 

Strangways (C. F.) on the circulation of 
underground waters, 213. 

Stroh (A.) on the determination of a 
gauge for the manufacture of various 
small screws, 311. 

Subsidence and elevation of land, J. 8. 
Gardner on the cause of, 541. 

as the effect of accumulation, Dr, 
C. Ricketts on, 540. 

Sugg (W.), improvements in gas illumi- 
nation, 669. 

Sun, a supposed connection between the 
number of spots on the, and the 
heights of rivers, Prof. Balfour 
Stewart on, 462. 

, some matters relating to the, Dr. 
Schuster on, 442. 

Sun light and sky light at high altitudes, 
by Captain W. de W. Abney, 459. 

Sylvester (Prof.) on the calculation of 
tables of fundamental invariants of 
binary quantics, 37. 

Symons (G. J.) on the proposed publica- 
tion by the Meteorological Society of 
the Mauritius of daily synoptic charts 
of the Indian Ocean from the year 
1861, 38 ; on underground temperature, 
72; on the circulation of underground 
waters, 213. 

Synoptic charts, daily, of the Indian 
Ocean from the year 1861, provisional 
report of the Committee for co-opera- 
ting with the Meteorological Society 
of the Mauritius in their proposed 
publication of, 38. 


T. Occidentalis (Storer), the probable 
occurrence of the, on the British coast, 
Prof. E. Du Bois-Reymond on, 592. 

Tait (Prof.) on the measurement of the 
lunar disturbance of gravity, 95; ona 
method of investigating experiment- 
ally the absorption of radiant heat by 
gases, 475. 

Tanganyika Basin, the geographical 
evolution of the, Joseph Thomson on, 
622. 
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Tarquins, the city of the, by Miss A. W. 
Buckland, 609. 

Tawney (E. B.) on the outcrop of the 
Brockenhurst bed, near Lyndhurst, 540. 

Taylor (H.) on standards for use in elec- 
trical measurements, 70. 

Tchihatchef (P. de), the deserts of 
Africa and Asia, 356. 

Teleostei, the kidneys of the, W. N. 
Parker on, 577. 

Telephony, recent progress in, by W. H. 
Preece, 666. 

Tellurium and selenium, the occurrence 
of, in Japan, Prof. E. Divers and M. 
Shimosé on, 487. 

Temple (Lieut. G. T.), the Arctic cam- 
paign of 1882—its origin, constitution, 
and objects, 611. 

Temple (Sir R.), Address by, to the Geo- 
graphical Section, 613. 

Terrill (W.) on the erratic blocks of 
England, Wales, and Ireland, 243. 

Test bars, perforated, of steel and iron, 
the increased tenacity in, T. Wrightson 
on, 664. 

Thermometer, a mechanical self-register- 
ing, A. Mallock on, 477. 

Thiselton-Dyer (Mr.) on the natural 
history of Timor-laut, 275. 

Thompson (Prof. S. P.) on the workings 
of the proposed revised New Code, and 
of other legislation affecting the teach- 
ing of science in elementary schools, 
307; on Schwedoft’s theory of hail, 
458; on artisan education, 643. 

Thomson (Sir C. Wyville) on the Scottish 
zoological station, 282. 

Thomson (Prof. J.), mention of an ex- 
ample of an early stage of metamor- 
phic change in old red sandstone 
conglomerate, near Aberfoil, 536; on 
features in glacial markings, noticed on 
sandstone conglomerates at Skelmorlie 
and Aberfoil, 537. 

Thomson (J. M.) on the action of the com- 
ponent salts as nuclei on supersatu- 
rated solutions of certain compound 
salts, 490. 

Thomson (Joseph) on the geographical 
evolution of the Tanganyika Basin, 
622. 

Thomson (Prof. Sir Wm.) on standards 
for use in electrical measurements, 70 ; 
on underground temperature, 72; on 
meteoric dust, 90; on the measurement 
of the lunar disturbance of gravity, 95 ; 
on patent legislation, 310; *on a new 
form of galvanometer for measuring 
currents and potentials in absolute 
units, 464; *on the transmission of 
force through an elastic solid, 474 ; *on 
a method of investigating magnetic 
susceptibility, 7d. 

Thorpe (Prof, T. E.) on the methods em- 
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ployed in the calibration of mercurial 
thermometers, 145. 

Tiddeman (R. H.) on the erratic blocks 
of England. Wales, and Ireland, 243. 
Tilden (Prof. W. A.), hydrocarbons of the 

formula (C; H,),, 494. 

Timor-laut, second report on the natural 
history of, 275. 

*Tongkin and the new approach to 
Yunnan, D. Boulger on, 629. 

Topley (W.) on the circulation of under- 
ground waters, 213 ; on the preparation 
of an international geological map of 
Europe, 241 ; on the synclinal structure 
of the Straits of Dover, 546. 

Torpedinide, the systematic distribution 
of the, Prof. E. Du Bois-Reymond on 
a new principle affecting, 592. 

Torpedo-boats, by J. Donaldson, 672. 

*Transmission of force through an elastic 
solid, Prof. Sir W. Thomson on the, 474. 

ristram (Rev. Canon) on the survey of 
Eastern Palestine, 296. 

Tuberculosis, considerations arising from 
Koch’s discovery of the bacillus of, by 
F. J. Faraday, 578. 

Tylden-Wright (Mr.) on the circulation 
of underground waters, 213. 

Tynehead, Alston, the iron and lead 
measures of, C. E. De Rance on, 531. 

Typical races in the British Isles, report 
of the Committee appointed to obtain 
photographs of the, 270. 


Ultra-violet spark spectra emitted by 
metallic elements, and their combina- 
tions under varying conditions, report 
on the investigation of the, by means 
of photography, 143. 

Underground temperature, fifteenth re- 
port on the rate of increase of, down- 
wards in various localities of dry land 
and under water, 72. 

Underground Temperature Committee, 
summary of results contained in the 
first fifteen reports of the, by Prof. 
Everett, 74. 

Underground waters in the permeable 
formations of England, the circulation 
of the, and the quantity and quality of 
the water supplied to towns and dis- 
tricts from these formations, eighth 
report on, 213. 

*Units, the practical system of, sugges- 
tions regarding the extension of, by 
Dr. C. W. Siemens, 464. 

Unsteady motion in open channels, Major 
A. Cunningham on, 665. 

Unwin (Prof. W. C) on the best means 
of ascertaining the effective wind pres- 
sures to which buildings and structures 
are exposed, 315; current meter ob- 
servations in the tidal compartment of 
the Thames, 676. 
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Ussher (R. J.) on explorations in caves 
of carboniferous limestone in the South 
of Treland, 240. 


Variations in the vertical due to the 
elasticity ot the earth’s surface, G. H. 
Darwin on, 106. 

Velocity of explosion, the, of a mixture 
of carbonic oxide and oxygen with 
varying quantities of aqueous vapour, 
by H. B. Dixon, 487. 

Velocity of the contraction-wave in 
curarised muscle, an improved method 
of directly determining the, by Prof. 
E. A. Schiifer, 575. 

Velocity of white and coloured light, 
Prof. G. Forbes on the, 441. 

Vine (G. R.) on fossil polyzoa, 249. 


Wages and other sources of income, com- 
pletion of the report on the appro- 
priation of, and its consonance with 
the economic progress of the United 
Kingdom, 297. 

Watherston (E. J.) on the appropriation 
of wages and other sources of income, 
297; railways—a plea for unity of 
administration, 643. 

Watts (Dr. W. M.) on the present state 
of our knowledge of spectrum analysis, 
120; on the preparation of a new 
series of tables of wave lengths of the 
spectra of the elements, 144. 


Wave-action at a depth of forty fathoms _ 


in the English Channel, evidence of, by 
A. R. Hunt, 535. 

Wave lengths of the spectra of the 
elements, report on the preparation of 
a new series of tables of, 144. 

Webster (Mrs. A.) on the workings of the 
proposed revised New Code, and of 
other legislation affecting the teaching 
of science in elementary schools, 307. 

*Weldon (W. R.) on the early develop- 
ment of the lacerta muralis, 579. 

Westlake (E.) and T. W. Shore on the 
Southampton artesian well, 547. 

Westleton beds, notes on the, by H. B. 
Woodward, 530. 

Wethered (H.) on underground tempera- 
ture, 72; on the circulation of under- 
ground waters, 213; on the origin of 
the hematite deposits in the carboni- 
ferous limestone, 533. 

Whidborne (Rev. G. F.) and Prof. W. J. 
Sollas on some fossils of the inferior 
oolite, 534. 

Whitaker (W.) on the circulation of 
underground waters, 213 ; list of works 
on the geology and paleontology of 
Oxfordshire, of Berkshire, and of 
Buckinghamshire, 327. 
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White (R. B.), notes on the geology and 
mining of the United States of 
Colombia, §.A., 552. 

White light, a standard of, report of the 
Committee for fixing, 38. 

Whitworth (Sir J.) on the determination 
of a gauge for the manufacture of 
various small screws, 311. 

Wilkinson (R.) on the workings of the 
proposed revised New Code, and of 
other legislation affecting the teaching 
of science in elementary schools, 307. 

Williamson (Prof. A. W.) on the present 
state of our knowledge of spectrum 
analysis, 120; on the workings of the 
proposed revised New Code, and of 
other legislation affecting the teaching 
of science in elementary schools, 307 ; 
on patent legislation, 310. 

Williamson (Prof. W. C.) on the flora of 
the ‘ Halifax Hard Bed,’ Lower Coal 
Measures, 267 

*Wilson’s theorem, a proof of, Prof. 
Cayley on, 450. 

*Wind, the effect of, on the draught of 
chimneys, Prof. Lord Rayleigh on, 
477. 

Wind pressures, the effective, to which 
buildings and structures are exposed, 
report upon the best means of ascer- 
taining, 315, 

Wood (H. T.) on patent legislation, 310 ; 
on the determination of a gauge for 
the manufacture of various small 
screws, 311. 

Woodward (H. B.), notes on the Bure 
Valley beds and the Westleton beds, 
530. 

Wrightson (T.) on the increased tenacity 
in perforated test bars of steel and 
iron, 664. 

Wynne (A. b.) on underground tempera- 
ture, 72. 


Yule (Col. H.), notes on the oldest records 
of the sea-route to China from Western 
Asia, 347. 


*Zoological literature, 
record of, 589. 

Zoological station at Naples, report of the 
Committee appointed to arrange for 
the occupation of a table at the, 288; 
reports to the Committee, by P. Geddes, 
290; by A. G. Bourne, i0.; by F. E, 
Jeddard, 291. 

—-, the Scottish, report of the Com- 
mittee appointed to aid in the main- 
tenance of, 282. 

Zoology and Botany, Address by Prof. 
M. A. Lawson to the Department of, 
580, 
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Life Members (since 1845), and all Annual Members who have not 
intermitted their Subscription, receive gratis all Reports published after 
the date of their Membership. Any other volume they require may be 
obtained on application at the Office of the Association, 22 Albemarle 
Street, Piccadilly, London, W., at the following prices, viz.—Reports for 
1831 to 1874 (of which more than 15 copies remain), at 2s. 6d. per volume ; 
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Associates for the Meeting in 1882 may obtain the Volume for the Year at two-thirds 
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PROCEEDINGS or tue FIRST anp SECOND MEETINGS, at York 
and Oxford, 1831 and 1832, Published at 13s. 6d. 


ConTENTS :—Prof. Airy, on the Progress of Astronomy ;—J. W. Lubbock, on the 
Tides ;—Prof. Forbes, on the Present State of Meteorology ;—Prof. Powell, on the 
Present State of the Science of Radiant Heat ;—Prof. Cumming, on Thermo-Electri- 
city ;—Sir D. Brewster, on the Progress of Optics ;—Rev. W. Whewell, on the Present 
State of Mineralogy ;—Rev. W. D. Conybeare, on the Recent Progress and Present 
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PROCEEDINGS or tan THIRD MEETING, at Cambridge, 1833, 
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ConTENTS:—Proceedings of the Meeting ;—John Taylor, on Mineral Veins ;—Dr. 
Lindley, on the Philosophy of Botany ;—Dr. Henry, on the Physiology of the Nervous 
System ;—P. Barlow, on the Strength of Materials ;—S. H. Christie, on the Magnetism 
of the Earth ;—Rev. J. Challis, on the Analytical Theory of Hydrostatics and Hy- 
drodynamics ;—G. Rennie, on Hydraulics as a Branch of Engineering, Part. I.;—Rev. 
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Mechanical Arts, Natural History, Anatomy, Physiology, and History of Science. 
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PROCEEDINGS or rat FOURTH MEETING, at Edinburgh, 1834, 
Published at 15s. 


CONTENTS :—H. G. Rogers, on the Geology of North America ;—Dr. C. Henry, on 
the Laws of Contagion ;—Prof. Clark, on Animal Physiology ;—Rey. L. Jenyns, on 
Zoology ;—Rev. J. Challis, on Capillary Attraction ;—Prof. Lloyd, on Physical Optics ; 
—G. Rennie, on Hydraulics, Part I1. 

Together with the Transactions of the Sections, and Recommendations of the 
Association and its Committees. 


PROCEEDINGS or toe FIFTH MEETING, at Dublin, 1835, Pud- 
lished at 13s. 6d. 


CONTENTS :—Rev. W. Whewell, on the Recent Progress and Present Condition of 
the Mathematical Theories of Electricity, Magnetism, and Heat ;—A. Quetelet, 
Apergu de l’Etat actuel des Sciences Mathématiques chez les Belges;—Capt. E. 
Sabine, on the Phenomena of Terrestrial Magnetism. 

Together with the Transactions of the Sections, Prof.‘Sir W. Hamilton’s Address, 
and Recommendations of the Association and its Committees. 


PROCEEDINGS or rue SIXTH MEETING, at Bristol, 1836, Pub- 
lished at 12s. 


ConTENTS :—Prof. Daubeny, on the Present State of our Knowledge with respect 
to Mineral and Thermal Waters ;—Major E. Sabine, on the Direction and Intensity of 
the Terrestrial Magnetic Force in Scotland ;—J. Richardson, on North American Zoo- 
logy ;—Rev. J. Challis, on the Mathematical Theory of Fluids;—J. T. Mackay, a 
Comparative View of the more remarkable Plants which characterize the neighbour- 
hood of Dublin and Edinburgh, and the South-west of Scotland, &c.;—J. T. Mackay, 
Comparative Geographical Notices of the more remarkable Plants which characterize 
Scotland and Ireland ;—Report of the London Sub-Committee of the Medical Section 
on the Motions and Sounds of the Heart ;—Second Report of the Dublin Sub-Com- 
mittee on the Motions and Sounds of the Heart.;—Report of the Dublin Committee 
on the Pathology of the Brain and Nervous System ;—J. W. Lubbock, Account of 
the Recent Discussions of Observations of the Tides;—Rev. B. Powell, on deter- 
mining the Refractive Indices for the Standard Rays of the Solar Spectrum in 
various media ;—Dr. Hodgkin, on the Communication between the Arteries and Ab- 
sorbents ;—Prof. Phillips, Report of Experiments on Subterranean Temperature ; 
—Prof. Hamilton, on the Validity of a Method recently proposed by G. B. Jerrard, 
for Transforming and Resolving Equations of Elevated Degrees. 

Together with the Transactions of the Sections, Prof. Daubeny’s Address, and 
Recommendations of the Association and its Committees, 


PROCEEDINGS or ror SEVENTH MEETING, at Liverpool, 1837, 
Published at 16s. 6d. 


CONTENTS :—Major E. Sabine, on the Variations of the Magnetic Intensity ob- 
served at different points of the Earth’s Surface ;—Rev. W. Taylor, on the various 
modes of Printing for the Use of the Blind ;—J. W. Lubbock, on the Discussions of 
Observations of the Tides ;—Prof. T. Thompson, on the Difference between the Com- 
position of Cast Iron produced by the Cold and Hot Blast ;—Rev. T. R. Robinson, on 
the Determination of the Constant of Nutation by the Greenwich Observations ;— 
R. W. Fox, Experiments on the Electricity of Metallic Veins, and the Temperature of 
Mines ;—Provisional Report of the Committee of the Medical Section of the British 
Association, appointed to investigate the Composition of Secretions, and the Organs 
producing them ;—Dr. G. O. Rees, Report from the Committee for inquiring into the 
Analysis of the Glands, &c., of the Human Body ;—Second Report of the London 
Sub-Committee of the British Association Medical Section, on the Motions and 
Sounds of the Heart ;—Prof. Johnston, on the Present State of our Knowledge in re- 
gard to Dimorphous Bodies ;—Lieut.-Col. Sykes, on the Statistics of the four Collec- 
torates of Dukhun, under the British Government ;—E. Hodgkinson, on the relative 
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Strength and other Mechanical Properties of Iron obtained from the Hot and Cold 
Blast ;—W. Fairbairn, on the Strength and other Properties of Iron obtained from 
the Hot and Cold Blast ;—Sir J. Robinson and J. S. Russell, Report of the Committee 
on Waves ;—Note by Major Sabine, being an Appendix to his Report on the Varia- 
tions of the Magnetic Intensity observed at different Points of the Earth’s Surface ; 
—J. Yates, on the Growth of Plants under Glass, and without any free communica- 
tion with the outward Air, on the Plan of Mr. N. J. Ward, of London. 

Together with the Transactions of the Sections, Prof. Traill’s Address, and Recom- 
mendations of the Association and its Committees. 


PROCEEDINGS or tur EIGHTH MEETING, at Newcastle, 1838, 
Published at 15s. 


ConTEnts :—Rey. W. Whewell, Account of a Level Line, measured from the 
Bristol Channel to the English Channel, by Mr. Bunt ;—Report on the Discussions of 
Tides, prepared under the direction of the Rev. W. Whewell ;—W. 8. Harris, Account 
of the Progress and State of the Meteorological Observations at Plymouth ;—Major 
E. Sabine, on the Magnetic Isoclinal and Isodynamic Lines in the British Islands ; 
—Dr. Lardner, on the Determination of the Mean Numerical Values of Iiail- 
way Constants ;—R. Mallet, First Report upon Experiments upon the Action of Sea 
and River Water upon Cast and Wrought Iron;—R. Mallet, on the Action of a Heat 
of 212° Fahr., when long continued, on Inorganic and Organic Substances. 

Together with the Transactions of the Sections, Mr. Murchison’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or rns NINTH MEETING, at Birmingham, 1839, 
Published at 13s. 6d. (Out of Print.) 


ConTENTS :—Rey. B. Powell, Report on the Present State of our Knowledge of 
Refractive Indices, for the Standard Rays of the Solar Spectrum in different media ; 
Report on the Application of the Sum assigned for Tide Calculations to Rev. W. 
Whewell, in a letter from T. G. Bunt, Esq.;—H. L. Pattinson, on some Galvanic 
Experiments to determine the Existence or Non-Existence of Electrical Currents 
among Stratified Rocks, particularly those of the Mountain Limestone formation, 
constituting the Lead Measures of Alton Moor ;—Sir D. Brewster, Reports respecting 
the Two Series of Hourly Meteorological Observations kept in Scotland ;—Report on 
the subject of a series of Resolutions adopted by the British Association at their 
Meeting in August 1838, at Newcastle ;—R. Owen, Report on British Fossil Reptiles ; 
—E. Forbes, Report on the Distribution of the Pulmoniferous Mollusca in the British 
Isles;—W. 8S. Harris, Third Report on the Progress of the Hourly Meteorological 
Register at Plymouth Dockyard. 

Together with the Transactions of the Sections, Rev. W. Vernon Harcourt’s Ad- 
dress, and Recommendations of the Association and its Committees. 


PROCEEDINGS or tae TENTH MEETING, at Glasgow, 1840, 
Published at 15s. (Out of Print.) 


ConTENTS :—Rev. B. Powell, Report on the Recent Progress of discovery relative 
to Radiant Heat, supplementary to a former Report on the same subject inserted in 
the first volume of the Reports of the British Association for the Advancement of 
Science ;—J. D. Forbes, Supplementary Report on Meteorology ;—W. 8S. Harris, Re- 
port on Prof, Whewell’s Anemometer, now in operation at Plymouth ;—Report on 
‘The Motion and Sounds of the Heart,’ by the London Committee of the British 
Association, for 1839-40;—Prof. Schénbein, an Account of Researches in Electro- 
Chemistry ;—R. Mallet, Second Report upon the Action of Air and Water, whether 
fresh or salt, clear or foul, and at various temperatures, upon Cast Iron, Wrought 
Tron, and Steel ;—R. W. Fox, Report on some Observations on Subterranéan Tempe- 
rature ;—A. F. Osler, Report on the Observations recorded during the years 1837, 
1838, 1839, and 1840, by the Self-registering Anemometer erected at the Philosophical 
Institution, Birmingham ;—Sir D. Brewster, Report respecting the Two Series of 
Hourly Meteorological Observations kept at Inverness and Kingussie, from Nov. Ist, 
1838, to Nov. Ist, 1839 :—W. Thompson, Report on the Fauna of Ireland: Div. Verte- 
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brata;—C. J. B. Williams, M.D., Report of Experiments on the Physiology of the Lungs 
and Air-Tubes ;—Rev. J. 8. Henslow, Report of the Committee on the Preservation 
of Animal and Vegetable Substances. 

Together with the Transactions of the Sections, Mr. Murchison and Major E, 
Sabine’s Address, and Recommendations of the Association and its Committees. 


PROCEEDINGS or tae ELEVENTH MEETING, at Plymouth, 
1841, Published at 13s. 6d. 


CONTENTS :—Rev. P. Kelland, on the Present State of our Theoretical and Expe- 
rimental Knowledge of the Laws of Conduction of Heat ;—G. L. Roupell, M.D., Re- 
port on Poisons ;—T. G. Bunt, Report on Discussions of Bristol Tides, under the 
direction of the Rev. W. Whewell;—D. Ross, Report on the Discussions of Leith 
Tide Observations, under the direction of the Rev. W. Whewell;—W. 8. Harris, 
upon the working of Whewell’s Anemometer at Plymouth during the past year ;— 
Report of a Committee appointed for the purpose of superintending the scientific 
co-operation of the British Association in the System of Simultaneous Observations in 
Terrestrial Magnetism and Meteorology ;—Reports of Committees appointed to pro- 
vide Meteorological Instruments for the use of M. Agassiz and Mr. M‘Cord ;—Report of 
a Committee appointed to superintend the Reduction of Meteorological Observations ; 
—Report of a Committee for revising the Nomenclature of the Stars ;—Report of a 
Committee for obtaining Instruments and Registers to record Shocks and Earthquakes 
in Scotland and Ireland ;—Report of a Committee on the Preservation of Vegetative 
Powers in Seeds ;—Dr. Hodgkin, on Inquiries into the Races of Man ;—Report of the 
Committee appointed to report how far the Desiderata in our knowledge of the Con- 
dition of the Upper Strata of the Atmosphere may be supplied by means of Ascents 
in Balloons or otherwise, to ascertain the probable expense of such Experiments, and 
to draw up Directions for Observers in such circumstances ;--R. Owen, Report on 
British Fossil Reptiles ;—Reports on the Determination of the Mean Value of Rail- 
way Constants ;—Dr. D. Lardner, Second and concluding Report on the Determi- 
nation of the Mean Value of Railway Constants;—E. Woods, Report on Railway 
Constants ;—Report of a Committee on the Construction of a Constant Indicator for 
Steam Engines. 

Together with the Transactions of the Sections, Prof. Whewell’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tar TWELFTH MEETING, at Manchester, 
1842, Published at 10s. 6d. 


CONTENTS :—Report of the Committee appointed to conduct the co-operation of 
the British Association in the System of Simultaneous Magnetical and Meteorological 
Observations ;—Dr. J. Richardson, Report on the present State of the Ichthyology 
of New Zealand ;—W. S. Harris, Report on the Progress of Meteorological Observa- 
tions at Plymouth ;—Second Report of a Committee appointed to make Experiments 
on the Growth and Vitality of Seeds;—C. Vignoles, Report of the Committee on 
Railway Sections ;—Report of the Committee for the Preservation of Animal and 
Vegetable Substances ;—Dr. Lyon Playfair, Abstract of Prof. Liebig’s Report on 
Organic Chemistry applied to Physiology and Pathology ;—R. Owen, Report on the 
British Fossil Mammalia, Part I. ;—R. Hunt, Researches on the Influence of Light on 
the Germination of Seeds and the Growth of Plants ;—L. Agassiz, Report on the 
Fossil Fishes of the Devonian System or Old Red Sandstone ;—W. Fairbairn, Appen- 
dix toa Reporton the Strength and other Properties of Cast Iron obtained from the Hot 
and Cold Blast ;—D. Milne, Report of the Committee for Registering Shocks of Earth- 
quakes in Great Britain ;—Report of a Committee on the construction of a Constant 
Indicator for Steam-Engines, and for the determination of the Velocity of the Piston 
of the Self-acting Engine at different periods of the Stroke ;—J. 8. Russell, Report of 
a Committee on the Form of Ships ;—Report of a Committee appointed ‘to consider 
of the Rules by which the Nomenclature of Zoology may be established on a uniform 
and permanent basis ;’—Report of a Committee on the Vital Statistics of Large 
Towns in Scotland ;—Provisional Reports, and Notices of Progress in Special Researches 
entrusted to Committees and Individuals. 

Together with the Transactions of the Sections, Lord Francis Egerton’s Address, 
and Recommendations of the Association and its Committees. 
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PROCEEDINGS or raz THIRTEENTH MEETING, at Cork, 
1843, Published at 12s. 


ConTENTS :—Robert Mallet, Third Report upon the Action of Air and Water, 
whether fresh or salt, clear or foul, and at Various Temperatures, upon Cast Iron, 
Wrought Iron, and Steel ;—Report of the Committee appointed to conduct the Co- 
operation of the British Association in the System of Simultaneous Magnetical and 
Meteorological Observations ;—Sir J. F. W. Herschel, Bart., Report of the Committee 
appointed for the Reduction of Meteorological Observations ;—Report of the Com- 
mittee appointed for Experiments on Steam-Engines ;—Report of the Committee ap- 
pointed to continue their Experiments on the Vitality of Seeds ;—J. 8. Russell, Report 
of a Series of Observations on the Tides of the Frith of Forth and the East Coast of 
Scotland ;—J. S. Russell, Notice of a Report of the Committee on the Form of Ships; 
—J. Blake, Report on the Physiological Action of Medicines ;—Report of the Com- 
mittee on Zoological Nomenclature ;—Report of the Committee for Registering the 
Shocks of Earthquakes, and making such Meteorological Observations as may appear 
to them desirable ;—Report of the Committee for conducting Experiments with Cap- 
tive Balloons ;—Prof. Wheatstone, Appendix to the Report;—Report of the Com- 
mittee for the Translation and Publication of Foreign Scientific Memoirs ;—C. W. 
Peach, on the Habits of the Marine Testacea ;—E. Forbes, Report on the Mollusca 
and Radiata of the Aigean Sea, and on their distribution, considered as bearing on 
Geology ;—L. Agassiz, Synoptical Table of British Fossil Fishes, arranged in the 
order of the Geological Formations ;—R. Owen, Report on the British Fossil Mam- 
malia, Part II. ;—E. W. Binney, Report on the excavation made at the junction of 
the Lower New Red Sandstone with the Coal Measures at Collyhurst ;—W. Thomp- 
son, Report on the Fauna of Ireland: Div. Invertebrata ;—Provisional Reports, and 
Notices of Progress in Special Researches entrusted to Committees and Individuals. 

Together with the Transactions of the Sections, the Earl of Rosse’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tut FOURTEENTH MEETING, at York, 1844, 
Published at £1. 


CONTENTS :—W. B. Carpenter, on the Microscopic Structure of Shells ;—J. Alder 
and A. Hancock, Report on the British Nudibranchiate Mollusca;—R. Hunt, 
Researches on the Influence of Light on the Germination of Seeds and the Growth 
of Plants ;—Report of a Committee appointed by the British Association in 1840, 
for revising the Nomenclature of the Stars ;—Lt.-Col. Sabine, on the Meteorology 
of Toronto in Canada ;—J. Blackwall, Report on some recent researches into the 
Structure, Functions, and Economy of the Avaneidea made in Great Britain ;—Earl 
of Rosse, on the Construction of large Reflecting Telescopes ;—Rev. W. V. Harcourt, 
Report on a Gas-furnace for Experiments on Vitrifaction and other Applications of 
High Heat in the Laboratory ;—Report of the Committee for Registering Earth- 
quake Shocks in Scotland ;—Report of a Committee for Experiments on Steam- 
Engines ;—Report of the Committee to investigate the Varieties of the Human 
Race ;—Fourth Report of a Committee appointed to continue their Experiments on 
the Vitality of Seeds ;—W. Fairbairn, on the Consumption of Fuel and the Preven- 
tion of Smoke ;—F. Ronalds, Report concerning the Observatory of the British 
Association at Kew;—Sixth Report of the Committee appointed to conduct the 
Co-operation of the British Association in the System of Simultaneous Magnetical 
and Meteorological Observations ;—Prof. Forchhammer on the influence of Fucoidal 
Plants upon the Formations of the Earth, on Metamorphism in general, and par- 
ticularly the Metamorphosis of the Scandinavian Alum Slate ;—H. E. Strickland, 
Report on the Recent Progress and Present State of Ornithology ;—T. Oldham, 
Report of Committee appointed to conduct Observations on Subterranean Tempera- 
ture in Ireland ;—Prof. Owen, Report on the Extinct Mammals of Australia, with 
descriptions of certain Fossils indicative of the former existence in that continent 
of large Marsupial Representatives of the Order Pachydermata;—W. 8S. Harris, 
Report on the working of Whewell and Osler’s Anemometers at Plymouth, for the 
years 1841, 1842, 1843;—W. R. Birt, Report on Atmospheric Waves ;—L. Agassiz, 
Rapport sur les Poissons Fossiles de l’Argile de Londres, with translation ;—J. 8. 
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Russell, Report on Waves;— Provisional Reports, and Notices of Progress in Special 
Researches entrusted to Committees and Individuals. 

Together with the Transactions of the Sections, the Dean of Ely’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tHe FIFTEENTH MEETING, at Cambridge, 
1845, Published at 12s. 


CONTENTS :—Seventh Report of a Committee appointed to conduct the Co-opera- 
tion of the British Association in the System of Simultaneous Magnetical and 
Meteorological Observations ;—Lieut.-Col. Sabine, on some Points in the Meteorology 
of Bombay ;—J. Blake, Report on the Physiological Actions of Medicines ;—Dr. Von 
Boguslawski, on the Comet of 1843;—R. Hunt, Report on the Actinograph ;—Prof. 
Schonbein, on Ozone ;—Prof. Erman, on the Influence of Friction upon Thermo- 
Electricity ;—Baron Senftenberg, on the Self-registering Meteorological Instru- 
ments employed in the Observatory at Senftenberg ;—W. R. Birt, Second Report on 
Atmospheric Waves ;—G. R. Porter, on the Progress and Present Extent of Savings’ 
Banks in the United Kingdom ;—Prof. Bunsen and Dr. Playfair, Report on the Gases 
evolved from Iron Furnaces, with reference to the Theory of Smelting of Iron ;— 
Dr. Richardson, Report on the Ichthyology of the Seas of China and Japan ;— 
Report of the Committee on the Registration of Periodical Phenomena of Animals 
and Vegetables ;—Fifth Report of the Committee on the Vitality of Seeds ;— 
Appendix, &e. 

Together with the Transactions of the Sections, Sir J. F. W. Herschel’s Address, 
and Recommendations of the Association and its Committees, 


PROCEEDINGS or tur SIXTEENTH MEETING, at Southampton, 
1846, Published at 15s. 


CONTENTS :—G. G. Stokes, Report on Recent Researches in Hydrodynamics ;— 
Sixth Report of the Committee on the Vitality of Seeds;—Dr. Schunck, on the 
Colouring Matters of Madder ;—J. Blake, on the Physiological Action of Medicines; 
—R. Hunt, Report on the Actinograph ;—R. Hunt, Notices on the Influence of Light 
on the Growth of Plants ;—R. L. Ellis, on the Recent Progress of Analysis ;—Prof. 
Forchhammer, on Comparative Analytical Researches on Sea Water ;—A. Erman, on 
the Calculation of the Gaussian Constants for 1829;—G. R. Porter, on the Progress, 
present Amount, and probable future Condition of the Iron Manufacture in Great 
Britain ;—W. R. Birt, Third Report on Atmospheric Waves ;—Prof. Owen, Report 
on the Archetype and Homologies of the Vertebrate Skeleton ;—J. Phillips, on 
Ancmometry ;—Dr. J. Percy, Report on the Crystalline Flags;—Addenda to Mr. 
Birt’s Report on Atmospheric Waves. 

Together with the Transactions of the Sections, Sir R. I. Murchison’s Address, 
and Recommendations of the Association and its Committees. 


PROCEEDINGS or tar SEVENTEENTH MEETING, at Oxford, 
1847, Published at 18s. 


ConTENTS :— Prof. Langberg, on the Specific Gravity of Sulphuric Acid at 
different degrees of dilution, and on the relation which exists between the Develop- 
ment of Heat and the coincident contraction of Volume in Sulphuric Acid when 
mixed with Water ;—R. Hunt, Researches on the Influence of the Solar Rays on the 
Growth of Plants;—R. Mallet, on the Facts of Earthquake Phenomena ;—Prof. 
Nilsson, on the Primitive Inhabitants of Scandinavia ;—W. Hopkins, Report on the 
Geological Theories of Elevation and Earthquakes ;—Dr. W. B. Carpenter, Report 
on the Microscopic Structure of Shells ;—Rev. W. Whewell and Sir James C. Ross, 
Report upon the Recommendation of an Expedition for the purpose of completing 
onr Knowledge of the Tides ;—Dr. Schunck, on Colouring Matters ;—Seventh Report 
of the Committee on the Vitality of Seeds ;—J. Glynn, on the Turbine or Horizontal 
Water-Wheel of France and Germany ;— Dr. R. G. Latham, on the present state and 
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recent progress of Hthnographical Philology ;—Dr. J. C. Prichard, on the various 
methods of Research which contribute to the Advancement of Ethnology, and of the 
relations of that Science to other branches of Knowledge ;—Dr. C. C. J. Bunsen, on 
the results of the recent Egyptian researches in reference to Asiatic and African 
Ethnology, and the Classification of Languages ;—Dr. C. Meyer, on the Importance of 
the Study of the Celtic Language as exhibited by the Modern Celtic Dialects stiil 
extant ;—Dr. Max Miiller, on the Relation of the Bengali to the Aryan and Aboriginal 
Languages of India ;—W. R. Birt, Fourth Report on Atmospheric Waves ;—Prof. W. 
H. Dove, Temperature Tables, with Introductory Remarks by Lieut.-Col. E. Sabine ; 
—A. Erman and H. Petersen, Third Report on the Calculation of the Gaussian Con- 
stants for 1829. 

Together with the Transactions of the Sections, Sir Robert Harry Inglis’s Address, 
and Recommendations of the Association and its Committees. 


PROCEEDINGS or tot EIGHTEENTH MEETING, at Swansea, 
1848, Published at 9s. 


CONTENTS :—Rev. Prof. Powell, A Catalogue of Observations of Luminous 
Meteors ;—J. Glynn, on Water-pressure Engines;—R. A. Smith, on the Air and 
Water of Towns ;—Highth Report of Committee on the Growth and Vitality of Seeds; 
—W. R. Birt, Fifth Report on Atmospheric Waves ;—E. Schunck, on Colouring 
Matters ;—J. P. Budd, on the advantageous use made of the gaseous escape from the 
Blast Furnaces at the Ystalyfera Iron Works ;—R. Hunt, Report of progress in the 
investigation of the Action of Carbonic Acid on the Growth of Plants allied to those 
of the Coal Formations ;—Prof. H. W. Dove, Supplement to the Temperature Tables 
printed in the Report of the British Association for 1847 ;—Remarks by Prof. Dove on 
his recently constructed Maps of the Monthly Isothermal Lines of the Globe, and on 
some of the principal Conclusions in regard to Climatology deducible from them; 
with an introductory Notice by Lieut.-Col. E. Sabine ;—Dr. Daubeny, on the progress 
of the investigation on the Influence of Carbonic Acid on the Growth of Ferns ;—J. 
Phillips, Notice of further progress in Anemometrical Researches ;—Mr. Mallet’s 
Letter to the. Assistant-General Secretary ;—--A. Erman, Second Report on the 
Gaussian Constants ;—Report of a Committee relative to the expediency of recom- 
mending the continuance of the Toronto Magnetical and Meteorological Observatory 
until December 1850. 

Together with the Transactions of the Sections, the Marquis of Northampton’s 
Address, and Recommendations of the Association and its Committees. 


PROCEEDINGS or tas NINETEENTH MEETING, at Birmingham, 
1849, Published at 10s. 


CONTENTS :—Rev. Prof. Powell, A Catalogue of Observations of Luminous 
Meteors ;—Earl of Rosse, Notice of Nebulz lately observed in the Six-feet Reflector ; 
—Prof. Daubeny, on the Influence of Carbonic Acid Gas on the health of Plants, 
especially of those allied to the Fossil Remains found in the Coal Formation ;—Dr. 
Andrews, Report on the Heat of Combination ;—Report of the Committee on the 
Registration of the Periodic Phenomena of Plants and Animals;—Ninth Report of 
Committee on Experiments on the Growth and Vitality of Seeds;—F. Ronalds, 
Report concerning the Observatory of the British Association at Kew, from Aug. 9, 
1848 to Sept. 12, 1849 ;—R. Mallet, Report on the Experimental Inquiry on Railway 
Bar Corrosion ;—W. R. Birt, Report on the Discussion of the Electrical Observations 
at Kew. 

Together with the Transactions of the Sections, the Rev. T. R. Robinson’s Address, 
and Recommendations of the Association and its Committees, 


PROCEEDINGS or tax TWENTIETH MEETING, at Edinburgh, 
1850, Published at 15s. (Out of Print.) 


CoNTENTS :—R. Mallet, First Report on the Facts of Earthquake Phenomena ;— 
Rey. Prof. Powell, on Observations of Luminous Meteors ;—Dr. T. Williams, on the 
Structure and History of the British Annelida ;—T. C. Hunt, Results of Meteoro- 
logical Observations taken at St. Michael’s from the 1st of January, 1840, to the 31st 
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of December, 1849;—R. Hunt, on the present State of our Knowledge of the 
Chemical Action of the Solar Radiations ;—Tenth Report of Committee on Experi- 
ments on the Growth and Vitality of Seeds ;—Major-Gen. Briggs, Report on the 
Aboriginal Tribes of India ;—F. Ronalds, Report concerning the Observatory of the 
British Association at Kew;—E. Forbes, Report on the Investigation of British 
Marine Zoology by means of the Dredge ;—R. MacAndrew, Notes on the Distribution 
and Range in depth of Mollusca and other Marine Animals, observed on the coasts 
of Spain, Portugal, Barbary, Malta, and Southern Italy in 1849 ;—Prof. Allman, on 
the Present State of our Knowledge of the Freshwater Polyzoa ;—Registration of 
the Periodical Phenomena of Plants and Animals ;—Suggestions to Astronomers for 
the Observation of the Total Eclipse of the Sun on July 28, 1851. 

Together with the Transactions of the Sections, Sir David Brewster’s Address 
and Recommendations of the Association and its Committees. ‘ 


PROCEEDINGS or tas TWENTY-FIRST MEETING, at Ipswich, 
1851, Published at 16s. 6d. 


ConrEents:—Rev. Prof. Powell, on Observations of Luminous Meteors ;— 
Eleventh Report of Committee on Experiments on the Growth and Vitality of 
Seeds ;—Dr. J. Drew, on the Climate of Southampton ;—Dr. R. A. Smith, on the 
Air and Water of Towns: Action of Porous Strata, Water, and Organic Matter ;— 
Report of the Committee appointed to consider the probable Effects in an Econo- 
mical and Physical Point of View of the Destruction of Tropical Forests ;—A. 
Henfrey, on the Reproduction and supposed Existence of Sexual Organs in the 
Higher Cryptogamous Plants ;—Dr. Daubeny, on the Nomenclature of Organic Com- 
pounds ;—Rev. Dr. Donaldson, on two unsolved Problems in Indo-German Philology ; 
—Dr. T. Williams, Report on the British Annelida ;—R. Mallet, Second Report on 
the Facts of Earthquake Phenomena ;—Letter from Prof. Henry to Col. Sabine, on 
the System of Meteorological Observations proposed to be established in the United 
States ;—Col. Sabine, Report on the Kew Magnetographs ;—J. Welsh, Report on the 
Performance of his three Magnetographs during the Experimental Trial at the 
Kew Observatory ;—F. Ronalds, Report concerning the Observatory of the British 
‘Association at Kew, from September 12, 1850, to July 31, 1851 ;—Ordnance Survey 
of Scotland. 

Together with the Transactions of the Sections, Prof. Airy’s Address, and Recom- 
mendations of the Association and its Committees. 


PROCEEDINGS or tHE TWENTY-SECOND MEETING, at Belfast, 
1852, Published at 15s. 


Conrents :—R. Mallet, Third Report on the Facts of Earthquake Phenomena ;— 
Twelfth Report of Committee on Experiments on the Growth and Vitality of Seeds; 
~ Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1851-52 ;—Dr. 
Gladstone, on the Influence of the Solar Radiations on the Vital Powers of Plants ; 
_-A Manual of Ethnological Inquiry ;—Col. Sykes, Mean Temperature of the Day, 
and Monthly Fall of Rain at 127 Stations under the Bengal Presidency ;—Prof. J. 
D. Forbes, on Experiments on the Laws of the Conduction of Heat ;—R. Hunt, on 
the Chemical Action of the Solar Radiations ;—Dr. Hodges, on the Composition and 
Economy of the Flax Plant ;—W. Thompson, on the Freshwater Fishes of Ulster ;— 
W. Thompson, Supplementary Report on the Fauna of Ireland ;—W. Wills, on the 
Meteorology of Birmingham ;—J. Thomson, on the Vortex-Water-Wheel ;—J. B. 
Lawes and Dr. Gilbert, on the Composition of Foods in relation to Respiration and 
the Feeding of Animals. 

Together with the Transactions of the Sections, Colonel Sabine’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tHE TWENTY-THIRD MEETING, at Hull, 
1853, Published at 10s. 6d. 


ContEeNTS :—Reyv. Prof. Powell, Report on Observations of Luminous Meteors, 
1852-53;—James Oldham, on the Physical Features of the Humber ;—James Old- 
ham, on the Rise, Progress, and Present Position of Steam Navigation in Hull ;— 
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William Fairbairn, Experimental Researches to determine the Strength of Locomo- 
tive Boilers, and the causes which lead to Explosion ;—J. J. Sylvester, Provisional 
Report on the Theory of Determinants ;—Professor Hodges, M.D., Report on the 
Gases evolved in Steeping Flax, and on the Composition and Economy of the Flax 
Plant ;—Thirteenth Report of Committee on Experiments on the Growth and 
Vitality of Seeds ;—Robert Hunt, on the Chemical Action of the Solar Radiations ; 
—Dr. John P. Bell, Observations on the Character and Measurements of Degrada- 
tion of the Yorkshire Coast ;—First Report of Committee on the Physical Character 
of the Moon’s Surface, as compared with that of the Earth ;—R. Mallet, Provisional 
Report on Earthquake Wave-Transits; and on Seismometrical Instruments ;— 
William Fairbairn, on the Mechanical Properties of Metals as derived from repeated 
Meltings, exhibiting the maximum point of strength and the causes of deterioration ; 
—Robert Mallet, Third Report on the Facts of Earthquake Phenomena (continued). 

Together with the Transactions of the Sections, Mr. Hopkins’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tue TWENTY-FOURTH MEETING, at Liver- 
pool, 1854, Published at 18s. 


CoNTENTS :—R. Mallet, Third Report on the Facts of Earthquake Phenomena 
(continued) ;—Major-General Chesney, on the Construction and General Use of 
Efficient Life-Boats ;—Rev. Prof. Powell, Third Report on the present State of our 
Knowledge of Radiant Heat ;—Colonel Sabine, on some of the results obtained at 
the British Colonial Magnetic Observatories ;—Colonel Portlock, Report of the 
Committee on Earthquakes, with their proceedings respecting Seismometers ;—Dr. 
Gladstone, on the Influence of the Solar Radiations on the Vital Powers of Plants, 
Part 2 ;—Rey. Prof. Powell, Report on Observations of Luminous Meteors, 1853-54 ; 
—Second Report of the Committee on the Physical Character of the Moon’s Surface ; 
—W. G. Armstrong, on the Application of Water-Pressure Machinery ;—J. B. Lawes 
and Dr. Gilbert, on the Equivalency of Starch and Sugar in Food ;—Archibald 
Smith, on the Deviations of the Compass in Wooden and Iron Ships ;—Fourteenth 
Report of Committee on Experiments on the Growth and Vitality of Seeds. 

Together with the Transactions of the Sections, the Earl of Harrowby’s Address, 
and Recommendations of the Association and its Committees, 


PROCEEDINGS or tat TWENTY-FIFTH MEETING, at Glasgow, 
1855, Published at 15s. 


CONTENTS :—T. Dobson, Report on the Relation between Explosions in Coal- 
Mines and Revolving Storms ;—Dr. Gladstone, on the Influence of the Solar Radia- 
tions on the Vital Powers of Plants growing under different Atmospheric Conditions, 
Part 3;—C. Spence Bate, on the British Edriophthalma;—J. F. Bateman, on the 
present state of our knowledge on the Supply of Water to Towns ;—Fifteenth 
Report of Committee on Experiments on the Growth and Vitality of Seeds ;—Rev. 
Prof. Powell, Report on Observations of Luminous Meteors, 1854-55 ;—Report of 
Committee appointed to inquire into the best means of ascertaining those properties 
of Metals and effects of various modes of treating them which are of importance 
to the durability and efficiency of Artillery ;—Rev. Prof. Henslow, Report on Typical 
Objects in Natural History ;—A. Follett Osler, Account of the Self-registering 
Anemometer and Rain-Gauge at the Liverpool Observatory ;—Provisional Reports. 

Together with the Transactions of the Sections, the Duke of Argyll’s Address, 
and Recommendations of the Association and its Committees. 


PROCEEDINGS or tus TWENTY-SIXTH MEETING, at Chel- 
tenham, 1856, Published at 18s. 


CONTENTS :—Report from the Committee appointed to investigate and report 
upon the effects produced upon the Channels of the Mersey by the alterations which 
within the last fifty years have been made in its Banks;—J. Thomson, Interim 
Report on progress in Researches on the Measurement of Water by Weir Boards ;— 
Dredging Report, Frith of Clyde, 1856 ;—Rev. B. Powell, Report on Observations of 
Luminous Meteors, 1855-1856 ;-—Prof. Bunsen and Dr. H. E. Roscoe, Photochemical 
Researches ;—Rev. James Booth, on the Trigonometry: of the Parabola, and the 
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Geometrical Origin of Logarithms;—R. MacAndrew, Report on the Marine 
Testaceous Mollusca of the North-east Atlantic and neighbouring Seas, and the 
physical conditions affecting their development ;—P. P. Carpenter, Report on the 
present state of our knowledge with regard to the Mollusca of the West Coast of 
North America;—T. C. Eyton, Abstract of First Report on the Oyster Beds and 
Oysters of the British Shores ;—Prof. Phillips, Report on Cleavage, and Foliation in 
Rocks, and on the Theoretical Explanations of these Phenomena, Part 1 ;—Dr. T. 
Wright, on the Stratigraphical Distribution of the Oolitic Echinodermata ;—W. 
Fairbairn, on the Tensile Strength of Wrought Iron at various Temperatures ; —C. 
Atherton, on Mercantile Steam Transport Economy ;—J. 8. Bowerbank, on the Vital 
Powers of the Spongiade ;—Report of a Committee upon the Experiments con- 
ducted at Stormontfield, near Perth, for the artificial propagation of Salmon ;—Pro- 
visional Report on the Measurement of Ships for Tonnage ;—On Typical Forms of 
Minerals, Plants and Animals for Museums ;—J. Thomson, Interim Report on Pro- 
gress in Researches on the Measurement of Water by Weir Boards ;—R. Mallet, on 
Observations with the Seismometer;—A. Cayley, on the Progress of Theoretical 
Dynamics ;—Report of a Committee appointed to consider the formation of a 
Catalogue of Philosophical Memoirs, 

Together with the Transactions of the Sections, Dr. Daubeny’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tue TWENTY-SEVENTH MEETING, at 
Dublin, 1857, Published at 15s. 


ConTENTS :—A. Cayley, Report on the recent progress of Theoretical Dynamics ; 
—Sixteenth and Final Report of Committee on Experiments on the Growth and 
Vitality of Seeds ;—James Oldham, C.E., continuation of Report on Steam Navigation 
at Hull ;—Report of a Committee on the Defects of the present methods of Measur- 
ing and Registering the Tonnage of Shipping, as also of Marine Engine-Power, and 
to frame more perfect rules, in order that a correct and uniform principle may be 
adopted to estimate the Actual Carrying Capabilities and Working-power of Steam 
Ships ;—Robert Were Fox, Report on the Temperature of some Deep Mines in Corn- 
—a at| + 1Bt) 4 15t) 42 

Le+ Myt +let4) 
a étant entier négatif, et de quelques cas dans lesquels cette somme est exprimable 
par une combinaison de factorielles, la notation a‘|+!désignant le produit des 
facteurs a (a+1) (a+2) &e....(a+t -1) ;—G. Dickie, M.D., Report on the Marine 
Zoology of Strangford Lough, County Down, and corresponding part of the Irish 
Channel ;—Charles Atherton, Suggestions for Statistical Inquiry into the Extent to 
which Mercantile Steam Transport Economy is affected by the Constructive Type of 
Shipping, as respects the Proportions of Length, Breadth, and Depth ;—J. 8. Bower- 
bank, Further Report on the Vitality of the Spongiadz ;—Dr. John P. Hodges, on 
Flax ;—Major-General Sabine, Report of the Committee on the Magnetic Survey of 
Great Britain ;—Rev. Baden Powell, Report on Observations of Luminous Meteors, 
1856-57 ;—-C. Vignoles, on the Adaptation of Suspension Bridges to sustain the 
passage of Railway Trains;—Prof. W. A. Miller, on Electro-Chemistry ;—John 
Simpson, Results of Thermometrical Observations made at the Plover’s Wintering- 
place, Point Barrow, latitude 71° 21’ N., long. 156° 17’ W., in 1852-54 ;—Charles 
James Hargreave, on the Algebraic Couple ; and on the Equivalents of Indetermi- 
nate Expressions ;—Thomas Grubb, Report on the Improvement of Telescope and 
Equatorial Mountings ;—Prof. James Buckman, Report on the Experimental Plots 
in the Botanical Garden of the Royal Agricultural College at Cirencester ;— William 
Fairbairn, on the Resistance of Tubes to Collapse ;—George C. Hyndman, Report of 
the Proceedings of the Belfast Dredging Committee ;—Peter W. Barlow, on the 
Mechanical Effect of combining Girders and Suspension Chains, and a Comparison 
of the Weight of Metal in Ordinary and Suspension Girders, to produce equal de- 
flections with a given load ;—J. Park Harrison, Evidences of Lunar Influence on 
Temperature ;—Report on the Animal and Vegetable Products imported into Liver- 
pool from the year 1851 to 1855 (inclusive) ;—Andrew Henderson, Report on the Sta- 
tistics of Life-boats and Fishing-boats on the Coasts of the United Kingdom. 


wall ;—Dr. G. Plarr, de quelques Transformations de la Somme 2! 


Together with the Transactions of the Sections, the Rev. H. Lloyd’s Address, and © 


Recommendations of the Association and its Committees. 
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PROCEEDINGS OF THe TWENTY-EIGHTH MEETING, at Leeds, 
September 1858, Published at 20s. 


CONTENTS :—R. Mallet, Fourth Report upon the Facts and Theory of Earthquake 
Phenomena ;—Rev. Prof. Powell, Report on Observations of Luminous Meteors, 1857, 
1858 ;—R. H. Meade, on some Points in the Anatomy of the Araneidea or true Spiders, 
especially on the internal structure of their Spinning Organs ;—W. Fairbairn, Report 
of the Committee on the Patent Laws ;—S. Eddy, on the Lead Mining Districts of 
Yorkshire ;—W. Fairbairn, on the Collapse of Glass Globes and Cylinders ;—Dr. E. 
Perceval Wright and Prof. J. Reay Greene, Report on the Marine Fauna of the South 
and West Coasts of Ireland ;—Prof. J. Thomson, on Experiments on the Measurement 
of Water by Triangular Notches in Weir Boards ;—Major-General Sabine, Report of 
the Committee on the Magnetic Survey of Great Britain ;—Michael Connel and 
William Keddie, Report on Animal, Vegetable, and Mineral Substances imported 
from Foreign Countries into the Clyde (including the Ports of Glasgow, Greenock, 
and Port Glasgow) in the years 1853, 1854, 1855, 1856, and 1857 ;—Report of the 
Committee on Shipping Statistics ;—Rev. H. Lloyd, D.D., Notice of the Instruments 
employed in the Magnetic Survey of Ireland, with some of the Results ;—Prof. J. R. 
Kinahan, Report of Dublin Dredging Committee, appointed 1857-58 ;—Prof. J. R. 
Kinahan, Report on Crustacea of Dublin District ;—Andrew Henderson, on River 
Steamers, their Form, Construction, and Fittings, with reference to the necessity for 
improving the present means of Shallow-Water Navigation on the Rivers of British 
India ;—George C. Hyndman, Report of the Belfast Dredging Committee ;—Appendix 
to Mr. Vignoles’ Paper ‘On the Adaptation of Suspension Bridges to sustain the 
passage of Railway Trains; ’—Report of the Joint Committee of the Royal Society 
and the British Association, for procuring a continuance of the Magnetic and 
Meteorological Observatories ;—R. Beckley, Description of a Self-recording Ane- 
mometer, 

Together with the Transactions of the Sections, Prof. Owen’s Address, and Re- 
commendations of the Association and its Committees. 


PROCEEDINGS or txz TWENTY-NINTH MEETING, at Aberdeen, 
September 1859, Published at 15s. 


CONTENTS :—George C. Foster, Preliminary Report on the Recent Progress and 
Present State of Organic Chemistty ;—Professor Buckman, Report on the Growth of 
Plants in the Garden of the Royal Agricultural College, Cirencester ;—Dr. A. Voelcker, 
Report on Field Experiments and Laboratory Researches on the Constituents of 
Manures essential to Cultivated Crops;—A. Thomson, of Banchory, Report on 
the Aberdeen Industrial Feeding Schools ;—On the Upper Silurians of Lesmahagow, 
Lanarkshire ;—Alphonse Gages, Report on the Results obtained by the Mechanico- 
Chemical Examination of Rocks and Minerals ;—William Fairbairn, Experiments to 
determine the Efficiency of Continuous and Self-acting Breaks for Railway Trains ;— 
Professor J. R. Kinahan, Report of Dublin Bay Dredging Committee for 1858-59 ;— 
Rey. Baden Powell, Report on Observations of Luminous Meteors for 1858-59 ;— 
Professor Owen, Report ona Series of Skulls of various Tribes of Mankind inhabiting 
Nepal, collected, and presented to the British Museum, by Bryan H. Hodgson, Esq., 
late Resident in Nepal, &c., &c. ;—Messrs. Maskelyne, Hadow, Hardwich, and Llewelyn, 
Report on the Present State of our Knowledge regarding the Photographic Image ;— 
G. C. Hyndman, Report of the Belfast Dredging Committee for 1859 ;—James 
Oldham, Continuation of Report of the Progress of Steam Navigation at Hull ;— 
Charles Atherton, Mercantile Steam Transport Economy as affected by the Con- 
sumption of Coals;—Warren De La Rue, Report on the present state of Celestial 
Photography in England ;—Professor Owen, on the Orders of Fossil and Recent 
Reptilia, and their Distribution in Time ;—Balfour Stewart, on some Results of the 
Magnetic Survey of Scotland in the years 1857 and 1858, undertaken, at the request 
of the British Association, by the late John Welsh, Esq., F.R.S.;—W. Fairbairn, The 
Patent Laws: Report of Committee on the Patent Laws ;—J. Park Harrison, Lunar 
Influence on the Temperature of the Air :—Balfour Stewart, an Account of the Con- 
struction of the Self-recording Magnetographs at present in operation at the Kew 
Observatory of the British Association ;—Professor H. J. Stephen Smith, Report on 
the Theory of Numbers, Part I.;—Report of the Committee on Steamship Performance ; 
—Report of the Proceedings of the Balloon Committee of the British Association 
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appointed at the Meeting at Leeds ;—Prof. William K. Sullivan, Preliminary 
Report on the Solubility of Salts at Temperatures above 100° Cent., and on the 
Mutual Action of Salts in Solution. 

Together with the Transactions of the Sections, Prince Albert’s Address, and 
Recommendations of the Association and its Committees, 


PROCEEDINGS or tas THIRTIETH MEETING, at Oxford, June 
and July 1860, Published at lds. 


CONTENTS :—James Glaisher, Report on Observations of Luminous Meteors, 
1859-60 ;—J. R. Kinahan, Report of Dublin Bay Dredging Committee ;—Rev. J. 
Anderson, Report on the Excavations in Dura Den;—Prof. Buckman, Report on 
the Experimental Plots in the Botanical Garden of the Royal Agricultural College, 
Cirencester ;—Rey. R. Walker, Report of the Committee on Balloon Ascents ;—Prof. 
W. Thomson, Report of Committee appointed to prepare a Self-recording Atmo- 
spheric Electrometer for Kew, and Portable Apparatus for observing Atmospheric 
Electricity ;—William Fairbairn, Experiments to determine the Effect of Vibratory 
Action and long-continued Changes of Load upon Wrought-iron Girders ;—R. P. 
Greg, Catalogue of Meteorites and Fireballs, from A.D. 2 to A.D. 1860;—Prof. H. J. 8. 
Smith, Report on the Theory of Numbers, Part II.;—Vice-Admiral Moorsom, on the 
Performance of Steam-vessels, the Functions of the Screw, and the Relations of its 
Diameter and Pitch to the Form of the Vessel ;—Rev. W. V. Harcourt, Report on the 
Effects of long-continued Heat, illustrative of Geological Phenomena ;—Second 
Report of the Committee on Steamship Performance ;—Interim Report on the Gauging 
of Water by Triangular Notches ;—List of the British Marine Invertebrate Fauna. 

Together with the Transactions of the Sections, Lord Wrottesley’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or rut THIRTY-FIRST MEETING, at Manches- 
ter, September 1861, Published at £1. 


CONTENTS :—James Glaisher, Report on Observations of Luminous Meteors ;— 
Dr. E. Smith, Report on the Action of Prison Diet and Discipline on the Bodily 
Functions of Prisoners, Part I. ;—Charles Atherton, on Freight as affected by Differ- 
ences in the Dynamic Properties of Steamships;—Warren De La Rue, Report on the 
Progress of Celestial Photography since the Aberdeen Meeting ;—B. Stewart, on the 
Theory of Exchanges, and its recent extension ;—Drs. E. Schunck, R. Angus Smith, 
and H. E. Roscoe, on the Recent Progress and Present Condition of Manufacturing 
Chemistry in the South Lancashire District ;—Dr. J. Hunt, on Ethno-Climatology ; 
or, the Acclimatization of Man ;—Prof. J. Thomson, on Experiments on the Gauging 
of Water by Triangular Notches;—Dr. A. Voelcker, Report on Field Experiments 
and Laboratory Researches on the Constituents of Manures essential to cultivated 
Crops ;—Prof. H. Hennessy, Provisional Report on the Present State of our Knowledge 
respecting the Transmission of Sound-signals during Fogs at Sea ;—Dr. P. L. Sclater 
and F., von Hochstetter, Report on the Present State of our Knowledge of the Birds 
of the Genus Apteryx living in New Zealand ;—J. G. Jeffreys, Report of the Results 
of Deep-sea Dredging in Zetland, with a Notice of several Species of Mollusca new 
to Science or to the British Isles ;—Prof. J. Phillips, Contributions to a Report on 
the Physical Aspect of the Moon ;—W. R. Birt, Contribution to a Report on the Phy- 
sical Aspect of the Moon;—Dr. Collingwood and Mr. Byerley, Preliminary Report 
of the Dredging Committee of the Mersey and Dee ;—Third Report of the Committee 
on Steamship Performance ;—J. G. Jeffreys, Preliminary Report on the Best Mode of 
preventing the Ravages of 7vredo and other Animals in our Ships and Harbours ; 
R. Mallet, Report on the Experiments made at Holyhead to ascertain the Transit- 
Velocity of Waves, analogous to Earthquake Waves, through the local Rock Formations ; 
—-T. Dobson, on the Explosions in British Coal-Mines during the year 1859 ;—J. Old- 

~ ham, Continuation of Report on Steam Navigation at Hull ;—Prof. G. Dickie, Brief 
Summary of a Report on the Flora of the North of Ireland ;—Prof. Owen, on the 
Psychical and Physical Characters of the Mincopies, or Natives of the Andaman 
Islands, and on the Relations thereby indicated to other Races of Mankind ;—Colonel 
Sykes, Report of the Balloon Committee ;—Major-General Sabine, Report on the Re- 
petition of the Magnetic Survey of England ;—Interim Report of the Committee for 
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Dredging on the North and East Coasts of Scotland ;—W. Fairbairn, on the Resist- 
ance of Iron Plates to Statical Pressure and the Force of Impact by Projectiles at 
High Velocities ;—W. Fairbairn, Continuation of Report to determine the effect of 
Vibratory Action and long-continued Changes of Load upon Wrought-Iron Girders ; 
—Report of the Committee on the Law of Patents;—Prof. H. J. 8. Smith, Report on 
the Theory of Numbers, Part III. 

Together with the Transactions of the Sections, Mr. Fairbairn’s Address, and Re- 
commendations of the Association and its Committees, 


PROCEEDINGS or tar THIRTY-SECOND MEETING at Cam- 
bridge, October 1862, Published at £1. 


CONTENTS :—James Glaisher, Report on Observations of Luminous Meteors, 1861- 
62 ;—G. B. Airy, on the Strains in the Interior of Beams ;—Archibald Smith and F, 
J. Evans, Report on the three Reports of the Liverpool Compass Committee ;—Report 
on Tidal Observations on the Humber ;—T. Aston, on Rifled Guns and Projectiles 
adapted for Attacking Armour-plate Defences ;—Extracts, relating to the Observa- 
tory at Kew, from a Report presented to the Portuguese Government, by Dr. J. A. 
de Souza ;—H. T. Mennell, Report on the Dredging of the Northumberland Coast 
and Dogger Bank ;—Dr. Cuthbert Collingwood, Report upon the best means of ad- 
vancing Science through the agency of the Mercantile Marine ;—Messrs. Williamson, 
Wheatstone, Thomson, Miller, Matthiessen, and Jenkin, Provisional Report on Stan- 
dards of Electrical Resistance ;—Preliminary Report of the Committee for investiga- 
ting the Chemical and Mineralogical Composition of the Granites of Donegal ;—Prof, 
H. Hennessy, on the Vertical Movements of the Atmosphere considered in connec- 
tion with Storms and Changes of Weather ;—Report of Committee on the application 
of Gauss’s General Theory of Terrestrial Magnetism to the Magnetic Variations ;— 
Fleeming Jenkin, on Thermo-electric Currents in Circuits of one Metal ;—W. Fair- 
bairn, on the Mechanical Properties of Iron Projectiles at High Velocities ;—A. Cay- 
ley, Report on the Progress of the Solution of certain Special Problems of Dynamics; 
—Prof. G. G. Stokes, Report on Double Refraction ;—Fourth Report of the Committee 
on Steamship Performance ;—G. J. Symons, on the Fall of Rain in the British Isles 
in 1860 and 1861 ;—J. Ball, on Thermometric Observations in the Alps;—J. G. 
Jeffreys, Report of the Committee for Dredging on the North and East Coasts of 
Scotland ;—Report of the Committee on Technical and Scientific Evidence in Courts 
of Law ;—James Glaisher, Account of Eight Balloon Ascents in 1862 ;—Prof. H. J. 8, 
Smith, Report on the Theory of Numbers, Part IV. 

Together with the Transactions of the Sections, the Rev. Prof. R. Willis’s Address 
and Recommendations of the Association and its Committees. 


PROCEEDINGS or trot THIRTY-THIRD MEETING, at New- 
castle-upon-Tyne, August and September 1863, Published at £1 5s. 


CONTENTS :—Report of the Committee on the Application of Gun-cotton to War- 
like Purposes ;—A. Matthiessen, Report on the Chemical Nature of Alloys ;—Report 
of the Committee on the Chemical and Mineralogical Constitution of the Granites of 
Donegal, and on the Rocks associated with them ;—J. G. Jeffreys, Report of the Com- 
mittee appointed for exploring the Coasts of Shetland by means of the Dredge ;— 
G. D. Gibb, Report on the Physiological Effects of the Bromide of Ammonium ;—C, K. 
Aken, on the Transmutation of Spectral Rays, Part I. ;—Dr. Robinson, Report of the 
Committee on Fog Signals ;—Report of the Committee on Standards of Electrical 
Resistance ;—E. Smith, Abstract of Report by the Indian Government on the Foods 
used by the Free and Jail Populations in India ;—A. Gages, Synthetical Researches 
on the Formation of Minerals, &c.;—R. Mallet, Preliminary Report on the Experi- 
mental Determination of the Temperatures of Volcanic Foci, and of the Temperature, 
State of Saturation, and Velocity of the issuing Gases and Vapours;—Report of the 
Committee on Observations of Luminous Meteors ;—Fifth Report of the Committee 
on Steamship Performance ;—G. J. Allman, Report on the Present State of our Know- 
ledge of the Reproductive System in the Hydroida;—J. Glaisher, Account of Five Bal- 
loon Ascents made in 1863 ;—P. P. Carpenter, Supplementary Report on the Present 
State of our Knowledge with regard to the Mollusca of the West Coast of North 
America ;—Prof, Airy, Report on Steam Boiler Explosions ;—C, W. Siemens, Obser- 
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vations on the Electrical Resistance and Electrification of some Insulating Materials 
under Pressures up to 300 Atmospheres ;—C, M. Palmer, on the Construction of Iron 
Ships and the Progress of Iron Shipbuilding on the Tyne, Wear, and Tees ;—Messrs. 
Richardson, Stevenson, and Clapham, on the Chemical Manufactures of the Northern 
Districts ;—Messrs. Sopwith and Richardson, on the Local Manufacture of Lead, 
Copper, Zine, Antimony, &c. ;—Messrs. Daglish and Forster, on the Magnesian Lime- 
stone of Durham ;—I. L. Bell, on the Manufacture of Iron in connexion with the 
Northumberland and Durham Coal-field ;—T. Spencer, on the Manufacture of Steel, 
in the Northern District ;—Prof. H. J.8. Smith, Report on the Theory of Numbers, 
Part V. 

Together with the Transactions of the Sections, Sir William Armstrong’s Address, 
and Recommendations of the Association and its Committees. 


PROCEEDINGS or tar THIRTY-FOURTH MEETING, at Bath, 
September 1864, Published at 18s. 


CONTENTS :—Report of the Committee for Observations of Luminous Meteors ;— 
Report of the Committee on the best means of providing for a Uniformity of Weights 
and Measures ;—T’. 8. Cobbold, Report of Experiments respecting the Development 
and Migration of the Entozoa;—B. W. Richardson, Report on the Physiological’ 
Action of Nitrite of Amyl ;—-J. Oldham, Report of the Committee on Tidal Observa- 
tions ;—G. 8. Brady, Report on Deep-sea Dredging on the Coasts of Northumberland 
and Durham in 1864 ;--J. Glaisher, Account of Nine Balloon Ascents made in 1863 
and 1864 ;—J. G. Jeffreys, Further Report on Shetland Dredgings ;—Report of the 
Committee on the Distribution of the Organic Remains of the North Staffordshire 
Coal-field ;—Report of the Committee on Standards of Electrical Resistance ;—G. J. 
Symons, on the Fall of Rain in the British Isles in 1862 and 1863;—W. Fairbairn, 
Preliminary Investigation of the Mechanical Properties of the proposed Atlantic 
Cable. 

Together with the Transactions of the Sections, Sir Charles Lyell’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tar THIRTY-FIFTH MEETING, at Birming- 
ham, September 1865, Published at £1 5s. 


ConTEnts :—J. G. Jeffreys, Report on Dredging among the Channel Isles ;—F. 
Buckland, Report on the Cultivation of Oysters by Natural and Artificial Methods ;— 
Report of the Committee for exploring Kent’s Cavern ;—Report of the Committee 
on Zoological Nomenclature ;—Report on the Distribution of the Organic Remains 
of the North Staffordshire Coal-field ;—Report on the Marine Fauna and Flora of 
the South Coast of Devon and Cornwall ;—Interim Report on the Resistance of 
Water to Floating and Immersed Bodies ;—Report on Observations of Luminous 
Meteors ;—Report on Dredging on the Coast of Aberdeenshire ;—J. Glaisher, Account 
of Three Balloon Ascents;—Interim Report on the Transmission of Sound under 
Water ;—G. J. Symons, on the Rainfall of the British Isles;—W. Fairbairn, on the 
Strength of Materials considered in relation to the Construction of Iron Ships ;— 
Report of the Gun-Cotton Committee ;—A. F. Osler, on the Horary and Diurnal 
Variations in the Direction and Motion of the Air at Wrottesley, Liverpool, and 
Birmingham ;—B. W. Richardson, Second Report on the Physiological Action of 
certain of the Amyl Compounds ;—Report on further Researches in the Lingula- 
flags of South Wales ;—Report of the Lunar Committee for Mapping the Surface of 
the Moon ;—Report on Standards of Electrical Resistance ;—Report of the Com- 
mittee appointed to communicate with the Russian Government respecting Mag- 
netical Observations at Tiflis ;—Appendix to Report on the Distribution of the Verte- 
brate Remains from the North Staffordshire Coal-field;—H. Woodward, First Report 
on the Structure and Classification of the Fossil Crustacea ;—Prof. H. J. 8. Smith, 
Report on the Theory of Numbers, Part VI.;— Report on the best means of providing 
for a Uniformity of Weights and Measures, with reference to the interests of Science ; 
—A.G. Findlay, on the Bed of the Ocean ;—Prof. A. W. Williamson, on the Com- 
position of Gases evolved by the Bath Spring called King’s Bath. 

Together with the Transactions of the Sections, Prof, Phillips’s Address, and Re- 
commendations of the Association and its Committees, 
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PROCEEDINGS or ras THIRTY-SIXTH MEETING, at Notting- 
ham, August 1866, Published at £1 4s. 


CoNTENTS :—Second Report on Kent’s Cavern, Devonshire ;—A, Matthiessen, 
Preliminary Report on the Chemical Nature of Cast Iron ;—Report on Observations 
of Luminous Meteors ;—W. S. Mitchell, Report on the Alum Bay Leaf-bed ;— 
Report on the Resistance of Water to Floating and Immersed Bodies ;—Dr. Norris, 
Report on Muscular Irritability ;—Dr. Richardson, Report on the Physiological 
Action of certain compounds of Amyl and Ethyl ;—H. Woodward, Second Report on 
the Structure and Classification of the Fossil Crustacea ;—Second Report on 
the ‘Menevian Group,’ and the other Formations at St. David’s, Pembrokeshire ; 
—J.G. Jeffreys, Report on Dredging among the Hebrides;—Rev. A. M. Norman, 
Report on the Coasts of the Hebrides, Part II, ;—J. Alder, Notices of some Inverte- 
brata, in connexion with Mr. Jeffreys’s Report;—G. S. Brady, Report on the 
Ostracoda dredged amongst the Hebrides ;—Report on Dredging in the Moray Firth ; 
—Report on the Transmission of Sound-Signals under Water ;—Report of the Lunar 
Committee ;—Report of the Rainfall Committee ;—Report on the best means of 
providing for a Uniformity of Weights and Measures, with reference to the Interests 
of Science ;—J. Glaisher, Account of Three Balloon Ascents ;—Report on the Extinct 
Birds of the Mascarene Islands ;—Report on the Penetration of Ironclad Ships by 
Steel Shot ;—J. A. Wanklyn, Report on Isomerism among the Alcohols ;—Report on 
Scientific Evidence in Courts of Law ;—A, L. Adams, Second Report on Maltese 
Fossiliferous Caves, &c. 

Together with the Transactions of the Sections, Mr, Grove’s Address, and Recom- 
mendations of the Association and its Committees. 


PROCEEDINGS or tHe THIRTY-SEVENTH MEETING, at 
Dundee, September 1867, Published at £1 6s. 


CONTENTS :—Report of the Committee for Mapping the Surface of the Moon ;— 
Third Report on Kent’s Cavern, Devonshire ;—On the present State of the Manu- 
facture of Iron in Great Britain ;—Third Report on the Structure and Classification 
of the Fossil Crustacea ;—Report on the Physiological Action of the Methyl Com- 
pounds ;—Preliminary Report on the Exploration of the Plant-Beds of North Green- 
land ;—Report of the Steamship Performance Committee ;—On the Meteorology of 
Port Louis, in the Island of Mauritius ;—On the Construction and Works of the 
Highland Railway ;—Experimental Researches on the Mechanical Properties of 
Steel ;—Report on the Marine Fauna and Flora of the South Coast of Devon and 
Cornwall ;—Supplement to a Report on the Extinct Didine Birds of the Mascarene 
Islands ;—Report on Observations of Luminous Meteors ;—Fourth Report on Dredging 
among the Shetland Isles ;—Preliminary Report on the Crustacea, &c., procured by 
the Shetland Dredging Committee in 1867 ;—Report on the Foraminifera obtained 
in the Shetland Seas ;—Second Report of the Rainfall Committee ;—Report on the 
best means of providing for a Uniformity of Weights and Measures, with reference 
to the interests of Science ;—Report on Standards of Electrical Resistance. 

Together with the Transactions of the Sections, and Recommendations of the 
Association and its Committees, 


PROCEEDINGS or tar THIRTY-EIGHTH MEETING, at Nor- 
wich, August 1868, Published at £1 5s. 


CONTENTS :—Report of the Lunar Committee ;—Fourth Report on Kent’s 
Cavern, Devonshire ;—On Puddling Iron ;—Fourth Report on the Structure and 
Classification of the Fossil Crustacea ;—Report on British Fossil Corals ;—Report on 
Spectroscopic Investigations of Animal Substances ;—Report of Steamship Perform- 
ance Committee ;—Spectrum Analysis of the Heavenly Bodies ;—On Stellar Spectro- 
metry ;—Report on the Physiological Action of the Methyl and allied Compounds ;— 
Report on the Action of Mercury on the Biliary Secretion ;—Last Report on Dredg- 
ing among the Shetland Isles ;—Reports on the Crustacea, &c., and on the Annelida 
and Foraminifera from the Shetland Dredgings ;—Report on the Chemical Nature of 
Cast, Iron, Part I.;—Interim Report on the Safety of Merchant Ships and their 
Passengers ;—Report on Observations of Luminous Meteors ;—Preliminary Report 
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on Mineral Veins containing Organic Remains ;—Report on the Desirability of 
Explorations between India and China;—Report of Rainfall Committee ;—Re- 
port on Synthetical Researches on Organic Acids ;—Report on Uniformity of Weights 
and Measures ;—Report of the Committee on Tidal Observations ;—Report of the 
Committee on Underground Temperature ;—Changes of the Moon’s Surface ;—Re- 
port on Polyatomic Cyanides. 

Together with the Transactions of the Sections, Dr. Hooker’s Address, and Recom- 
mendations of the Association and its Committees. 


PROCEEDINGS or tras THIRTY-NINTH MEETING, at Exeter, 
August 1869, Published at £1 2s. 


CONTENTS :—Report on the Plant-beds of North Greenland ;—Report on the 
existing knowledge on the Stability, Propulsion, and Sea-going qualities of Ships ; 
—Report on Steam-boiler Explosions ;—Preliminary Report on the Determination 
of the Gases existing in Solution in Well-waters;—The Pressure of Taxation on 
Real Property ;—On the Chemical Reactions of Light discovered by Prof. Tyndall ;— 
On Fossils obtained at Kiltorkan Quarry, co. Kilkenny ;—Report of the Lunar Com- 
mittee ;—Report on the Chemical Nature of Cast Iron ;—Report on the Marine Fauna 
and Flora of the South Coast of Devon and Cornwall ;—Report on the Practicability 
of establishing a ‘Close Time ’ for the Protection of Indigenous Animals ;—Experi- 
mental Researches on the Mechanical Properties of Steel;—Second Report on 
British Fossil Corals ;—Report of the Committee appointed to get cut and prepared 
Sections of Mountain-Limestone Corals for Photographing ;—Report on the Rate of 
Increase of Underground Temperature ;—Fifth Report on Kent’s Cavern, Devon- 
shire ;—Report on the Connexion between Chemical Constitution and Physiological 
Action ;—On Emission, Absorption, and Reflection of Obscure Heat ;—Report on 
Observations of Luminous Meteors ;—Report on Uniformity of Weights and Measures ; 
—Report on the Treatment and Utilization of Sewage ;—Supplement to Second 
Report of the Steamship-Performance Committee ;—Report on Recent Progress in 
Elliptic and Hyperelliptic Functions ;—Report on Mineral Veins in Carboniferous 
Limestone and their Organic Contents ;—Notes on the Foraminifera of Mineral 
Veins and the Adjacent Strata ;—Report of the Rainfall Committee ;—Interim Re- 
port on the Laws of the Flow and Action of Water containing Solid Matter in 
Suspension ;—Interim Report on Agricultural Machinery ;—Report on the Physio- 
logical Action of Methyl and Allied Series ;—On the Influence of Form considered 
in Relation to the Strength of Railway-axles and other portions of Machinery sub- 
jected to Rapid Alterations of Strain;—On the Penetration of Armour-plates with 
Long Shells of Large Capacity fired obliquely ;—Report on Standards of Electrical 
Resistance. 

Together with the Transactions of the Sections, Prof. Stokes’s Address, and Re- 
commendations of the Associatian and its Committees, 


PROCEEDINGS or tus FORTIETH MEETING, at Liverpool, Sep- 
tember 1870, Published at 18s. 


CONTENTS :—Report on Steam-boiler Explosions ;—Report of the Committee on 
the Hematite Iron-ores of Great Britain and Ireland ;—Report on the Sedimentary 
Deposits of the River Onny ;—Report on the Chemical Nature of Cast Iron ;—Re- 
port on the practicability of establishing a ‘Close Time’ for the protection of 
Indigenous Animals ;—Report on Standards of Electrical Resistance ;—Sixth Report 
on Kent’s Cavern ;—Third Report on Underground Temperature ;—Second Report of 
the Committee appointed to get cut and prepared Sections of Mountain- Limestone 
Corals ;—Second Report on the Stability, Propulsion, and Sea-going Qualities of 
Ships ;—Report on Earthquakes in Scotland ;—Report on the Treatment and Utili- 
zation of Sewage ;—Report on Observations of Luminous Meteors, 1869-70 ;—Report 
on Recent Progress in Elliptic and Hyperelliptic Functions ;—Report on Tidal Ob- 
servations ;—On a new Steam-power Meter ;—Report on the Action of the Methyl 
and Allied Series;—Report of the Rainfall Committee;—Report on the Heat 
generated in the Blood in the Process of Arterialization ;—Report on the best 
means of providing for Uniformity of Weights and Measures. 

Together with the Transactions of the Sections, Prof. Huxley’s Address, and Re- 
commendations of the Association and its Committees. 
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PROCEEDINGS or razr FORTY-FIRST MEETING, at Edinburgh, 
August 1871, Published at 16s. 


CONTENTS :-—Seventh Report on Kent’s Cavern;—Fourth Report on Under- 
ground Temperature ;—Report on Observations of Luminous Meteors, 1870-71 ;— 
Fifth Report on the Structure and Classification of the Fossil Crustacea ;—Report 
of the Committee appointed for the purpose of urging on Her Majesty’s Government 
the expediency of arranging and tabulating the results of the approaching Census 
in the three several parts of the United Kingdom in such a manner as to admit of 
ready and effective comparison ;—Report of the Committee appointed for the purpose 
of Superintending the Publication of Abstracts of Chemical Papers ;—Report of the 
Committee for discussing Observations of Lunar Objects suspected of change ;— 
Second Provisional Report on the Thermal Conductivity of Metals ;—Report on 
the Rainfall of the British Isles;—Third Report on the British Fossil Corals ;— 
Report on the Heat generated in the Blood during the Process of Arterialization ; 
—Report of the Committee appointed to consider the subject of Physiological 
Experimentation ;—Report on the Physiological Action of Organic Chemical Com- 
pounds ;—Report of the Committee appointed to get cut and prepared Sections of 
Mountain-Limestone Corals ;—Second Report on Steam-Boiler Explosions ;—Re- 
port on the Treatment and Utilization of Sewage ;—Report on promoting the Foun- 
dation of Zoological Stations in different parts of the World ;—Preliminary Report 
on the Thermal Equivalents of the Oxides of Chlorine ;— Report on the practica- 
bility of establishing a ‘Close Time’ for the protection of Indigenous Animals; 
—Report on Harthquakes in Scotland ;—Report on the best means of providing for 
a Uniformity of Weights and Measures ;—Report on Tidal Observations. 

Together with the Transactions of the Sections, Sir William Thomson’s Address, 
and Recommendations of the Association and its Committees. 


PROCEEDINGS or tar FORTY-SECOND MEETING, at Brighton, 
August 1872, Published at £1 4s. 


CONTENTS :—Report on the Gaussian Constants for the Year 1829 ;—Second Sup- 
plementary Report on the Extinct Birds of the Mascarene Islands ;—Report of the 
Committee for Superintending the Monthly Reports of the Progress of Chemistry ;— 
Report of the Committee on the best means of providing for a Uniformity of 
Weights and Measures ;—Kighth Report on Kent’s Cavern ;—Report on promoting the 
Foundation of Zoological Stations in different parts of the World ;—Fourth Report 
on the Fauna of South Devon ;—Preliminary Report of the Committee appointed to 
Construct and Print Catalogues of Spectral Rays arranged upon a Scale of Wave- 
numbers ;—Third Report on Steam-Boiler Explosions ;—Report on Observations of 
Luminous Meteors, 1871-72 ;—Experiments on the Surface-friction experienced by 
a Plane moving through Water ;—Report of the Committee on the Antagonism be- 
tween the Action of Active Substances ;—Fifth Report on Underground Tempera- 
ture ;—Preliminary Report of the Committee on Siemens’s Elecirical-Resistance 
Pyrometer :—Fourth Report on the Treatment and Utilization of Sewage ;—Interim 
Report of the Committee on Instruments for Measuring the Speed of Ships and 
Currents ;—Report on the Rainfall of the British Isles ;—Report of the Committee 
on a Geographical Exploration of the Country of Moab ;—Sur l’élimination des 
Fonctions Arbitraires ;—Report on the Discovery of Fossils in certain remote parts 
of the North-western Highlands ;—Report of the Committee on Earthquakes in 
Scotland ;—Fourth Report on Carboniferous- Limestone Corals ;—Report of the Com- 
mittee to consider the mode in which new Inventions and Claims for Reward in 
respect of adopted Inventions are examined and dealt with by the different Depart- 
ments of Government ;—Report of the Committee for discussing Observations of 
Lunar Objects suspected of change ;—Report on the Mollusca of Europe ;—Report of 
the Committee for investigating the Chemical Constitution and Optical Properties 
of Essential Oils ;—Report on the practicability of establishing a ‘Close Time’ for 
the preservation of Indigenous Animals ;—Sixth Report on the Structure and Classi- 
fication of Fossil Crustacea ;—Report of the Committee appointed to organize an Ex- 
pedition for observing the Solar Eclipse of Dec. 12, 1871 ;—Preliminary Report of 
a Committee on Terato-embryological Inquiries ;—Report on Recent Progress in 
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Blliptic and Hyperelliptie Functions ;—Report on Tidal Observations ;—On the 
Brighton Waterworks ;—On Amsler’s Planimeter, 

Together with the Transactions of the Sections, Dr. Carpenter’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tHe FORTY-THIRD MEETING, at Bradford, 
September 1873, Published at £1 5s. 


ConTENTs :—Report of the Committee on Mathematical Tables ;—Observations 
on the Application of Machinery to the Cutting of Coal in Mines ;—Coneluding Re- 
port on the Maltese Fossil Elephants ;—Report of the Committee for ascertaining 
the Existence in different parts of the United Kingdom of any Erratic Blocks or 
Boulders ;—Fourth Report on Earthquakes in Scotland ;—Ninth Report on Kent’s 
Cavern ;—On the Flint and Chert Implements found in Kent’s Cavern ;—Report of 
the Committee for Investigating the Chemical Constitution and Optical Properties 
of Essential Oils ;—Report of Inquiry into the Method of making Gold-assays ; 
—Fifth Report on the Selection and Nomenclature of Dynamical and Electrical 
Units ;—Report of the Committee on the Labyrinthodonts of the Coal-measures ;— 
Report of the Committee appointed to construct and print Catalogues of Spectral 
Rays ;—Report of the Committee appointed to explore the Settle Caves;—Sixth Report 
on Underground Temperature ;—Report on the Rainfall of the British Isles ;—Seventh 
Report on Researches in Fossil Crustacea ;—Report on Recent Progress in Elliptic 
and Hyperelliptic Functions ;—Report on the desirability of establishing a ‘ Close 
Time’ for the preservation of Indigenous Animals ;—Report on Luminous Meteors ; 
. -On the Visibility of the Dark Side of Venus ;—Report of the Committee for the 
Foundation of Zoological Stations in different parts of the World ;—Second Report of 
the Committee for collecting Fossils from North-western Scotland ;—Fifth Report 
on the Treatment and Utilization of Sewage ;—Report of the Committee on Monthly 
Reports of the Progress of Chemistry ;—On the Bradford Waterworks ;—Report on 
the possibility of Improving the Methods of Instruction in Elementary Geometry ; 
—JInterim Report of the Committee on Instruments for Measuring the Speed of 
Ships, &c.;—Report of the Committee for Determinating High Temperatures by 
means of the Refrangibility of Light evolved by Fluid or Solid Substances ;—On a 
periodicity of Cyclones and Rainfall in connexion with Sun-spot Periodicity ;—Fifth 
Report on the Structure of: Carboniferous-Limestone Corals ;—Report of the Com- 
mittee on preparing and publishing brief forms of Instructions for Travellers, 
Ethnologists, &c. ;—Preliminary Note from the Committee on the Influence of Forests 
on the Rainfall ;—Report of the Sub-Wealden Exploration Committee ;—Report of 
the Committee on Machinery for obtaining a Record of the Roughness of the Sea 
and Measurement of Waves near shore ;—Report on Science Lectures and Organi- 
zation ;—Second Report on Science Lectures and Organization. 

Together with the Transactions of the Sections, Prof. A. W. Williamson’s Address, 
and Recommendations of the Association and its Committees. 


PROCEEDINGS or tuzr FORTY-FOURTH MEETING, at Belfast, 
August 1874, Published at £1 5s. 


CONTENTS :—Tenth Report on Kent’s Cavern ;—Report for investigating the 
Chemical Constitution and Optical Properties of Essential Oils ;—Second Report of 
the Sub-Wealden Exploration Committee ;—On the Recent Progress and Present 
State of Systematic Botany ;—Report of the Committee for investigating the Nature 
of Intestinal Secretion ;—Report of the Committee on the Teaching of Physics in 
Schools ;—Preliminary Report for investigating Isomeric Cresols and their Deriva- 
tives ;—Third Report of the Committee for collecting. Fossils from localities in 
North-western Scotland ;—Report on the Rainfall of the British Isles ;—On the Bel- 
fast Harbour ;—Report of Inquiry into the Method of making Gold-assays ;—Report 
of a Committee on Experiments to determine the Thermal Conductivities of certain 

Rocks ;—Second Report on the Exploration of the Settle Caves ;—On the Industrial 
uses of the Upper Bann River ;—Report of the Committee on the Structure and 
Classification of the Labyrinthodont ;—Second Report of the Committee for record- 
ing the position, height above the sea, lithological characters, size, and origin of the 
Erratic Blocks of England and Wales, &c. ;—Sixth Report on the Treatment and 
Utilization of Sewage ;—Report on the Anthropological Notes and Queries for the 
use of Travellers ;—On Cyclone and Rainfall Periodicities ;—Fifth Report on Earth- 
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quakes in Scotland ;—Report of the Committee appointed to prepare and print 
Tables of Wave-numbers ;—Report of the Committee for testing the new Pyrometer 
of Mr. Siemens ;—Report to the Lords Commissioners of the Admiralty on Experi- 
ments for the Determination of the Frictional Resistance of Water on a Surface, 
&ce.;—Second Report for the Selection and Nomenclature of Dynamical and Elec- 
trical Units ;—On Instruments for measuring the Speed of Ships;—Report of the 
Committee on the possibility of establishing a ‘Close Time’ for the Protection of 
Indigenous Animals ;—Report of the Committee to inquire into the economic effects 
of Combinations of Labourers and Capitalists ;—Preliminary Report on Dredging on 
the Coasts of Durham and North Yorkshire ;—Report on Luminous Meteors ;—Re- 
port on the best means of providing for a Uniformity of Weights and Measures. 

Together with the Transactions of the Sections, Prof. John Tyndall’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tae FORTY-FIFTH MEETING, at Bristol, 
August 1875, Published at £1 5s. 


ConTENTS :—Eleventh Report on Kent’s Cavern ;—Seventh Report on Under- 
ground Temperature;—Report on the Zoological Station at Naples;—Report of a 
Committee appointed to inquire into the Methods employed in the Estimation of 
Potash and Phosphoric Acid in Commercial Products ;—Report on the present state 
of our Knowledge of the Crustacea;—Second Report on the Thermal Conduc- 
tivities of certain Rocks ;—Preliminary Report of the Committee for extending the 
Observations on the Specific Volumes of Liquids ;—Sixth Report on Harthquakes 
in Scotland ;—Seventh Report on the Treatment and Utilization of Sewage ;—Re- 
port of the Committee for furthering the Palestine Explorations ;— Third Report of 
the Committee for recording the position, height above the sea, lithological 
characters, size, and origin of the Erratic Blocks of England and Wales, &c. ;— 


‘Report of the Rainfall Committee ;—Report of the Committee for investigating 


Isomeric Cresols and their Derivatives ;—Report of the Committee for investigating 
the Circulation of the Underground Waters in the New Red Sandstone and Permian 
Formations of England ;—On the Steering of Screw-Steamers ;—Second Report of 
the Committee on Combinations of Capital and Labour ;—Report on the Method of 
making Gold-assays ;—Highth Report on Underground Temperature ;—Tides in the 
River Mersey ;—Sixth Report of the Committee on the Structure of Carboniferous 
Corals ;—Report of the Committee appointed to explore the Settle Caves ;—On the 
River Avon (Bristol), its Drainage-Area, &c.;—Report of the Committee on the 
possibility of establishing a ‘Close Time’ for the Protection of Indigenous 
Animals ;—Report of the Committee appointed to superintend the Publication of 
the Monthly Reports of the Progress of Chemistry ;—Report on Dredging off the 
Coasts of Durham and North Yorkshire in 1874 ;—Report on Luminous Meteors ;—On 
the Analytical Forms called Trees;—Report of the Committee on Mathematical 
Tables ;—Report of the Committee on Mathematical Notation and Printing ;—Second 
Report of the Committee for investigating Intestinal Secretion ;-—Third Report of 
the Sub-Wealden Exploration Committee. 

Together with the Transactions of the Sections, Sir John Hawkshaw’s Address, 
and Recommendations of the Association and its Committees. 


PROCEEDINGS or tan FORTY-SIXTH MEETING, at Glasgow, 
September 1876, Published at £1 5s. 


CONTENTS :—Twelfth Report on Kent’s Cavern;—Report on Improving the 
Methods of Instruction in Elementary Geometry ;—Results of a Comparison of the 
British-Association Units of Electrical Resistance ;—Third Report on the Thermal 
Conductivities of certain Rocks ;—Report of the Committee on the practicability of 
adopting a Common Measure of Value in the Assessment of Direct Taxation ;— 
Report of the Committee for testing experimentally Ohm’s Law ;—Report of the 
Committee on the possibility of establishing a ‘Close Time’ for the Protection of 
Indigenous Animals ;—Report of the Committee on the Effect of Propellers on the 
Steering of Vessels ;—On the Investigation of the Steering Qualities of Ships ;— 
Seventh Report on Earthquakes in Scotland ;—Report on the present state of our 
Knowledge of the Crustacea ;—Second Report of the Committee for investigating 
the Circulation of the Underground Waters in the New Red Sandstone and Permian 
Formations of England ;—Fourth Report of the Committee on the Erratic Blocks of 
“ag han and Wales, &c.;—Fourth Report of the Committee on the Exploration of 

; BA 
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the Settle Caves (Victoria Cave) ;—Report on Observations of Luminous Meteors, 
1875-76 ;—Report on the Rainfall of the British Isles, 1875-76 ;—Ninth Report on 
Underground Temperature ;—Nitrous Oxide in the Gaseous and Liquid States ;— 
Eighth Report on the Treatment and. Utilization of Sewage ;—Improved Investiga- 
tions on the Flow of Water through Orifices, with Objections to the modes of treat- 
ment commonly adopted ;—Report of the Anthropometric Committee ;—On Cyclone 
and Rainfall Periodicities in connexion with the Sun-spot Periodicity ;—Report of 
the Committee for determining the Mechanical Equivalent of Heat ;—Report of the 
Committee on Tidal Observations ;—Third Report of the Committee on the Condi- 
tions of Intestinal Secretion and Movément ;—Report of the Committee for collect- 
ing and suggesting subjects for Chemical Research, ‘ 

Together with the Transactions of the Sections, Dr. T. Andrews’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tae FORTY-SEVENTH MEETING, at Ply- 
mouth, August 1877, Published at £1 4s. 


ConTENTS :—Thirteenth Report on Kent’s Cavern ;—Second and Third Reports 
on the Methods employed in the estimation of Potash and Phosphoric Acid in Com- 
mercial Products ;—Report on the present state of our Knowledge of the Crustacea 
(Part III.) ;—Third Report on the Circulation of the Underground Waters in the New 
Red Sandstone and Permian Formations of England ;—Fifth Report on the Erratic 
Blocks of England, Wales, and Ireland ;—Fourth Report on the Thermal Conducti- 
vities of certain Rocks ;—Report on Observations of Luminous Meteors, 1876-77 ;— 
Tenth Report on Underground Temperature ;—Report on the Effect of Propellers on 
the Steering of Vessels ;—Report on the possibility of establishing a ‘Close Time’ 
for the Protection of Indigenous Animals ;--Report on some Double Compounds of 
Nickel and Cobalt ;—Fifth Report on the Exploration of the Settle Caves (Victoria 
Cave);—Report on the Datum Level of the Ordnance Survey of Great Britain ;— 
Report on the Zoological Station at Naples ;—Report of the Anthropometric Com- 
mittee ;—Report on the Conditions under which Liquid Carbonic Acid exists in 
Rocks and Minerals. 

Together with the Transactions of the Sections, Prof, Allen Thomson’s Address, 
and Recommendations of the Association and its Committees. 


PROCEEDINGS or tur FORTY-EIGHTH MEETING, at Dublin, 
August 1878, Published at £1 4s. 


CoNnTENTS :—Catalogue of the Oscillation-Frequencies of Solar Rays ;—Report 
on Mr. Babbage’s Analytical Machine ;—Third Report of the Committee for deter- 
mining the Mechanical Equivalent of Heat ;—Report of the Committee for arrang- 
ing for the taking of certain Observations in India, and Observations on Atmospheric 
Electricity at Madeira ;—Report on the commencement of Secular Experiments upon 
the Elasticity of Wires ;—Report on the Chemistry of some of the lesser-known 
Alkaloids, especially Veratria and Bebeerine ;—Report on the best means for the 
Development of Light from Coal-Gas ;—Fourteenth Report on Kent’s Cavern ;— 
Report on the Fossils in the North-west Highlands of Scotland ;—Fifth Report on 
the Thermal Conductivities of certain Rocks ;—Report on the possibility of estab- 
lishing a ‘Close Time’ for the Protection of Indigenous Animals ;—Report on the 
occupation of a Table at the Zoological Station at Naples ;—Report of the Anthro- 
pometric Committee ;—Report on Patent Legislation ;—Report on the Use of Steel 
for Structural Purposes ;—Report on the Geographical Distribution of the Chiro- 
ptera ;—Recent Improvements in the Port of Dublin ;—Report on Mathematical 
Tables ;—Eleventh Report on Underground Temperature ;—Report on the Explora- 
tion of the Fermanagh Caves;—Sixth Report on the Erratic Blocks of England, 
Wales, and Ireland ;—Report on the present state of our Knowledge of the Crus- 
tacea (Part IV.) ;—Report on two Caves in the neighbourhood of Tenby ;—Report on 
the Stationary Tides in the English Channel and in the North Sea, &e. ;—Second 
Report on the Datum-level of the Ordnance Survey of Great Britain ;—Report on 
Instruments for measuring the Speed of Ships ;—Report of Investigations into a 
Common Measure of Value in Direct Taxation ;—Report on Sunspots and Rainfall ; 
—Report on Observations of Luminous Meteors ;—Sixth Report on the Exploration 
of the Settle Caves (Victoria Cave) ;—Report on the Kentish Boring Exploration ;— 
Fourth Report on the Circulation of Underground Waters in the J urassic, New Red 
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Sandstone, and Permian Formations, with an Appendix on the Filtration of Water 
through Triassic Sandstone ;—Report on the Effect of Propellers on the Steering of 
Vessels. 

Together with the Transactions of the Sections, Mr. Spottiswoode’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tar FORTY-NINTH MERTING, at Sheffield, 
August 1879, Published at £1 4s. 


CONTENTS :—Report on the commencement of Secular Experiments upon the 
Elasticity of Wires ;—Fourth Report of the Committee for determining the Mechan- 
ical Equivalent of Heat ;—Report of the Committee for endeavouring to procure 
reports on the Progress of the Chief Branches of Mathematics and Physics ;—Twelfth: 
Report on Underground Temperature ;—Report on Mathematical Tables ;—Sixth 
Report on the Thermal Conductivities of certain Rocks ;—Report on Observations 
of Atmospheric Electricity at Madeira ;—Report on the Calculation of Tables of the 
Fundamental Invariants of Algebraic Forms ;—Report on the Calculation of Sun- 
Heat Coefficients ;—Second Report on the Stationary Tides in the English Channel 
and in the North Sea, &c. ;—Report on Observations of Luminous Meteors ;—Report 
on the question of Improvements in Astronomical Clocks ;—Report of the Committee 
for improving an Instrument for detecting the presence of Fire-damp in Mines ;— 
Report on the Chemistry of some of the lesser-known Alkaloids, especially Veratria 
and Beeberine ;—Seventh Report on the Erratic Blocks of England, Wales, and Ire- 
land ;—Fifteenth Report on Kent’s Cavern ;—Report on certain Caves in Borneo ;— 
Fifth Report on the Circulation of Underground Waters in the Jurassic, Red Sand- 
stone, and Permian Formations of England ;—Report on the Tertiary (Miocene) 
Flora, &e., of the Basalt of the North of Ireland ;—Report on the possibility of 
Establishing a ‘Close Time’ for the Protection of Indigenous Animals ;—Report on 
the Marine Zoology of Devon and Cornwall ;—Report on the Occupation of a Table 
at the Zoological Station at Naples;—Report on Excavations at Portstewart and 
elsewhere in the North of Ireland ;—Report of the Anthropometric Committee ;— 
Report on the Investigation of the Natural History of Socotra ;—Report on Instra- 
ments for measuring the Speed of Ships ;—Third Report on the Datum-level of the 
Ordnance Survey of Great Britain ;—Second Report on Patent Legislation ;—On 
Self-acting Intermittent Siphons and the conditions which determine the com- 
mencement of their Action;—On some further Evidence as to the Range of the 
Paleozoic Rocks beneath the South-east of England ;—Hydrography, Past and 
Present. 

Together with the Transactions of the Sections, Prof. Allman’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or ras FIFTIETH MEETING, at Swansea, August 
and September 1880, Published at £1 4s. 


CoNTENTS :—Report on the Measurement of the Lunar Disturbance of Gravity ;— 
Thirteenth Report on Underground Temperature ;—Report of the Committee for 
devising and constructing an improved form of High Insulation Key for Electrometer 
Work ;—Report on Mathematical Tables;—Report on the Calculation of Tables 
of the Fundamental Invariants of Algebraic Forms;—Report on Observations of 
Luminous Meteors;—Reports on the question of Improvements in Astronomical 
Clocks ;—Report on the commencement of Secular Experiments on the Elasticity 
of Wires ;—Sixteenth and concluding Report on Kent’s Cavern ;—Report on the 
mode of reproduction of certain species of Ichthyosaurus from the Lias of England 
and Wiirtemburg ;—Report on the Carboniferous Polyzoa ;—Report on the ‘ Geological 
Record’;—Sixth Report on the Circulation of the Underground Waters in the 
Permian, New Red Sandstone, and Jurassic Formations of England, and the Quantity 
and Character of the Water supplied to towns and districts from these formations ;— 
Second Report on the Tertiary (Miocene) Flora, &c., of the Basalt of the North of 
Treland ;—Highth Report on the Erratic Blocks of England, Wales, and Ireland ;— 
Report on an Investigation for the purpose of fixing a Standard of White Light ;— 
Report of the Anthropometric Committee ;—Report on the Influence of Bodily Exercise 
on the Elimination of Nitrogen ;—Second Report on the Marine Zoology of South 
Devon ;—Report on the Occupation of a Table at the Zoological Station at Naples ;— 
Report on accessions to our knowledge of the Chiroptera during the past two years 
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(1878-80) ;—Preliminary Report on the accurate measurement of the specific in- 
ductive capacity of a good Sprengel Vacuum, and the specific resistance of gases at 
different pressures ;—Comparison of Curves of the Declination Magnetographs at 
Kew, Stonyhurst, Coimbra, Lisbon, Vienna, and St. Petersburg ;—First Report on 
the Caves of the South of Ireland ;—Report on the Investigation of the Natural 
History of Socotra ;—Report on the German and other systems of teaching the Deaf 
to speak ;—Report of the Committee for considering whether it is important that 
H.M. Inspectors of Elementary Schools should be appointed with reference to their 
ability for examining in the scientific specific subjects of the Code in addition to 
other matters ;—On the Anthracite Coal and Coalfield of South Wales ;—Report on 
the present state of our knowledge of Crustacea (Part V.) ;—Report on the best means 
for the Development of Light from Coal-gas of different qualities (Part II.) ;—Report 
on Paleontological and Zoological Researches in Mexico ;—Report on the possibility 
of establishing a ‘ Close Time’ for Indigenous Animals ;—Report on the present state 
of our knowledge of Spectrum Analysis;—Report on Patent Legislation ;—Pre- 
liminary Report on the present Appropriation of Wages, &c. ;—Report on the present 
state of knowledge of the application of Quadratures and Interpolation to Actual 
Data ;—The French Deep-sea Exploration in the Bay of Biscay ;—Third Report on 
the Stationary Tides in the English Channel and in the North Sea, &c. ;—List of 
Works on the Geology, Mineralogy, and Paleontology of Wales (to the end of 1873);— 
On the recent Revival in Trade. 

Together with the Transactions of the Sections, Dr. A. C. Ramsay’s Address, and 
Recommendations of the Association and its Committees. 


PROCEEDINGS or tue FIFTY-FIRST MEETING, at York, 
August and September 1881, Published at £1 4s. 


ConTENTS :—Report on the Calculation of Tables of the Fundamental Invariants 
of Algebraic Forms;—Report on Recent Progress in Hydrodynamics (Part I.) ;— 
Report on Meteoric Dust;—Second Report on the Calculation of Sun-heat Co- 
efficients ;—Fourteenth Report on Underground Temperature ;—Report on the 
Measurement of the Lunar Disturbance of Gravity;—Second Report on an In- 
vestigation for the purpose of fixing a Standard of White Light ;—Final Report on 
the Thermal Conductivities of certain Rocks ;—Report on the manner in which 
Rudimentary Science should be taught, and how Examinations should be held 
therein, in Elementary Schools;—Third Report on the Tertiary Flora of the North 
of Ireland ;—Report on the Method of Determining the Specific Refraction of Solids 
from their Solutions ;—Fourth Report on the Stationary Tides in the English Channel 
and in the North Sea, &c.;—Second Report on Fossil Polyzoa;—Report on the 
Maintenance of the Scottish Zoological Station ;—Report on the Occupation of a 
Table at the Zoological Station at Naples;—Report on the Migration of Birds ;— 
Report on the Natural History of Socotra;—Report on the Natural History of 
Timor-laut ;--Report on the Marine Fauna of the Southern Coast of Devon and 
Cornwall ;—Report on the Earthquake Phenomena of Japan ;—Ninth Report on 
the Erratic Blocks of England, Wales, and Ireland;—Second Report on the 
Caves of the South of Ireland;—Report on Patent Legislation;—Report of the 
Anthropometric Committee ;—Report on the Appropriation of Wages, &c. ;—Re- 
port on Observations of Luminous Meteors;—Report on Mathematical Tables ;— 
Seventh Report on the Circulation of Underground Waters in the Jurassic, 
New Red Sandstone, and Permian Formations of England, and the Quality and 
Quantity of the Water supplied to Towns and Districts from these Formations ;— 
Report on the present state of our Knowledge of Spectrum Analysis ;—Interim Report 
of the Committee for constructing and issuing practical Standards for use in Electrical 
Measurements ;—On some new Theorems on Curves of Double Curvature ;—Observa- 
tions of Atmospheric Electricity at the Kew Observatory during 1880;—On the 
Arrestation of Infusorial Life by Solar Light ;—On the Effects of Oceanic Currents 
upon Climates ;—On Magnetic Disturbances and Earth Currents ;—On some Applica- 
tions of Electric Energy to Horticultural and Agricultural purposes ;—On the Pressure 
of Wind upon a Fixed Plane Surface ;—On the Island of Socotra ;—On some of the 
Developments of Mechanical Engineering during the last Half-Century. 

Together with the Transactions of the Sections, Sir John Lubbock’s Address, and 
Recommendations of the Association and its Committees. 
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OFFICERS AND COUNCIL, 1882-83. 


PRESIDENT. 
C. W. SIEMENS, Esq., D.C.L., LL.D., F.R.S., F.C.S., M.1.C.E. 


VICE-PRESIDENTS. 


The Right Hon. the Lord Mount-TEMPLE. Major-General A, C. Cooxz, R.E., C.B., F.R.G.S., 
Captain Sir F. J. Evans, K.C.B., F.R.S., F.R.AAS., Director-General of the Ordnance Survey. 
F.R.G.S., Hydrographer to the Admiralty. WYNDHAM §S. PorraL, Esq. 


F. A. ABEL, Esq., C.B., F.R.S., V.P.C.S., Director of | Professor PrEstTwicH, M.A., F.R.S., F.G.S., F.C.S. 
the Chemical Establishment of the War Depart- | Pumie Luriey Sciarer, Esq., M,A., Ph. D., 
ment. : F.RS., F.L.S., F.G.S. 

Professor Dr CHAUMONT, M.D., F.R.S. 

PRESIDENT ELECT. 
ARTHUR CAYLEY, Esq., LL.D., F.R.S., V.P.R.A.S., Sadlerian Professor of Mathematics in the University 
of Cambridge. 
VICE-PRESIDENTS ELECT. 


The Right Hon. the Eant or Drnsy, M,A., LL.D., F.R.S., 
The Right Hon. the EARL OF CRAWFORD AND BALCARRES, LL.D., 
The Right Hon, the EARL or LATHOM. 
Professor J. G. GREENWOOD, LL.D. 
Professor H. E. Roscox, B.A., Ph.D., LL.D., F.R.S., F.C,S. 
Professor H. J. S. Smiru, M.A., LL.D., F.R.S., F.R.A.S., F.C.S. 
LOCAL SECRETARIES FOR THE MEETING AT SOUTHPORT- 


J. H. Extis, Esq. Dr. VERNON. T. W. WILLIs, Esq. 
LOCAL TREASURER FOR THE MEETING AT SOUTHPORT. 
The Mayor or SourHponrrt. 
ORDINARY MEMBERS OF THE COUNCIL. 


R. 
-R. 


ADAMS, Professor W. G., F.R.S. Heywoop, J., Esq., F.R.S. 

BATEMAN, J. F., Esq., C.E., F.R.S. Hueaiys,-W., Esq., F.R.S. 

CAYLEY, Professor, F'.R.S. HuGHES, Professor T. McK., F.G.8. 
DaARwD,, F., Esq., F.R.S. JEFFREYS, Dr. J. Gwyn, F.R.S. 
DAWEINS, Professor W. Boyn, F.R.S. PENGELLY, W., Esq., F.R.S. 

DE LA RUE, WARREN, Esq., F.R.S. PERKY, W. H., Esq., F.R.S. 

Evans, Captain Sir F. J., K.C.B., F.R.S. PRESTWICH, Professor, F.R.S. 

FLOWER, Professor W. H., F.R.S. RAYLEIGH, Lord, F.R.S. 

GLADSTONE, Dr. J. H., F.R.S. SANDERSON, Prof. J. S. BuRDON, F.R.S. 
GLAISHER, J. W. L., Esq., F.R.S. SMITH, Professor H. J. S., F.R.S. 
Harcourt, A. G. VERNON, Esq., F.R.S. Sorsy, Dr. H. C., F.R.S. 

HAsTInGs, G. W., Esq., M.P. THUILLIER, Gen. Sir H. E. L., C.S.1., F.R.S. 


HAWKSHAW, J. CLARKE, Esq., F.G.S. 


GENERAL SECRETARIES. 
Capt. DouGias GALTon, C.B., D.C.L., F.R.S., F.G.S., 12 Chester Street, Grosvenor Place, London, S.W. 
A. G. VERNON Harcourt, Esq., M.A., F.R.S., F.C.S., Cowley Grange, Oxford. (Nominated by the 
Council.) 
SECRETARY. . 
Professor T. G. Bonney, M.A., F.R.S., F.S.A., F.G.S., 22 Albemarle Street, London, W. 


GENERAL TREASURER. 
Professor A. W. WILLIAMSON, Ph.D., LL.D., F.R.S., F.C.S., University College, London, W.C. 


EX-OFFICIO MEMBERS OF THE COUNCIL. 
The Trustees, the President and President Elect, the Presidents of former years, the Vice-Presidents and 
Vice-Presidents Elect, the General and Assistant General Secretaries for the present and former years, 
the Secretary, the General Treasurers for the present and former years, and the Local Treasurer and 
Secretaries for the ensuing Meeting. 
TRUSTEES (PERMANENT). 

General Sir EDWARD SABINE, K.C.B., R.A., D.C.L., F.R.S. 

Sir Joun Lupsock, Bart., M.P., D.C.L., LL.D., F.R.S., Pres. L.S. 

WILLIAM SPOTTISWOODE, Esq., M.A., D.C.L., LL.D., Pres. B.S. 


PRESIDENTS OF FORMER YEARS. 
The Duke of Devonshire, K.G. , Sir Joseph D, Hooker, K.C.S.1. Dr. T. Andrews, F.R.S. 


Sir G. B. Airy, K.C.B., F.R.S. Prof. Stokes, D.C.L., Sec. R.S. Dr. Allen Thomson, F.R.S. 
General Sir E. Sabine, K.C.B. Prof. Huxley, LL.D., F.R.S8. .| W. Spottiswoode, Esq., Pres. R.S. 
The Duke of Argyll, K.T. Prof. Sir Wm. Thomson, D.C.L. Prof. Allman, M.D., F.R.S. 


Dr. Richard Owen, C.B. 


, FR. 
Sir W. G. Armstrong, C.B., 


Ss. Dr. Carpenter, C.B,, F.R.S. Sir A. C. Ramsay, LL.D., F.R.S. 
LL.D.) Prof. Williamson, Ph.D., F.R.S. Sir John Lubbock, Bart., F.R.S. 
Sir William R. Grove, F.R.S. Prof. Tyndall, D.C.L., F.R.S. 


FR. 
28 
The Duke of Buccleuch, K.G. | Sir John Hawkshaw, C.E., F.R.S. 
GENERAL OFFICERS OF FORMER YEARS. 


F. Galton, Esq., F.R.S. W. Spottiswoode, Esq., Pres. R.S. | Georg? Griffith, Esq., M.A., F.C.S. 
Dr. T. A. Hirst, F.R.S. Dr. Michael Foster, Sec. R.S. P. L. Sclater, Bsq., F.R.S. 
Gen. Sir E. Sabine, K.C.B., F.R.S. t 

AUDITORS. 


Dr. W. J. Russell, FR.S. | Professor G. C. Foster, F.R.S. | G. Griffith, Esq., M.A., F.C.S. 
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LIST OF MEMBERS 


OF THE 


BRITISH ASSOCIATION FOR THE ADVANCEMENT 


OF SCIENCE. 


1885. 


* indicates Life Members entitled to the Annual Report. 
§ indicates Annual Subscribers entitled to the Annual Report. 
{ indicates Subscribers not entitled to the Annual Report. 
Names without any mark before them are Life Members not entitled 
to the Annual Report. 
Names of Members of the GENERAL COMMITTEE are printed in 
SMALL CAPITALS. 
Names of Members whose addresses are incomplete or not known 
are in italics. 


Notice of changes of residence should be sent to the Secretary, 22 Albemarle 


Street, London, W. 


Year of 
Election. 


1881. 
1865. 


1856, 
1863. 


1873. 
1860. 
1875. 


1877. 
1875. 
1882. 
1869, 


1877. 
1873. 


Abbatt, Richard, F.R.A.S. Marlborough House, Burgess Hill, 
Sussex. 

*Abbott, R. T.G. Auburn Hill, Malton, Yorkshire. 

*ABEL, FREDERICK Aveustus, C.B., F.R.S., F.C.S., Director of the 
Chemical Establishment of the War,Department. Royal Arsenal, 
Woolwich. 

tAbercrombie, John, M.D. 13 Suffolk-square, Cheltenham. 

“ABERNETHY, JAMES, M.Inst.C.E., F.R.S.E. 4 Delahay-street, West- 

minster, 8. W. 

tAbernethy, James. Ferry-hill, Aberdeen. 

tAbernethy, Robert. Ferry-hill, Aberdeen. 

*ABNEY, Captain W. DE W., R.E., F.R.S., F.R.A.S., F.0.8. 3 St. 
Alban’s-road, Kensington, London, W. 

§Ace, Rev. Daniel, D.D., F.R.A.S. Laughton, near Gainsborough, 
Lincolnshire. 

tAckroyd, Samuel. Greaves-street, Little Horton, Bradford, York- 
shire. 

*Acland, Alfred Dyke. Oxford. 

tAcland, Charles T. D. Sprydoncote, Exeter. 

“Acland, Francis E. Dyke, R.A. Oxford. 

“Acland, Rev, H. D.,M.A. Nymet St. George, South Molton, Devon. 


6 LIST OF MEMBERS. 


Year of 
Election. 


1873. *AcLAND, Henry W. D., M.A., M.D., LL.D., F.R.S., F.R.GS., 
Radcliffe Librarian and Regius Professor of Medicine in the 
University of Oxford. Broad-street, Oxford. 

1877, *Acland, Theodore Dyke, M.A. 15 Vincent-square, Westminster, 
S.W. 


1860, tActanD, Sir THomas Dyxe, Bart., M.A., D.C.L., M.P. Sprydon- 

cote, Exeter ; and Athenzeum Club, London, S. W. 
Adair, John. 13 Merrion-square North, ‘Dublin. 

1876. tAdams, James. 9 Royal-crescent West, Glasgow. 

*Apams, Joun Coucn, M.A., LL.D., F.R.S., F.R.A.S., Director of 
the Observatory and Lowndean Professor of Astronomy and 
Geometry in the University of Cambridge. The Observatory, 
Cambridge. 

1871. §Adams, John a 3 Queen’s-gate-terrace, London, 8. W. 

1879. *ApAms, Rev. THomas, M.A. Clifton Green House, York. 

1877. {ApAMs, WILLIAM. 3 Sussex-terrace, Plymouth. 

1869, *Apams, WititIam Grvyts, M.A., F.R.S., F.G.8., F.C.P.S., Professor 
of Natural Philosophy and Astr onomy in King’ 8 College, London. 
43 Notting Hill-square, Londen, W. 

1873. tAdams-Acton, - John. Margutta House, 103 Marylebone-road, 
London, N.W. 

1879. tAdamson, Robert, M.A., Professor of Logie and Political Economy 
in Owens College, Manchester. 60 Parsonage-road, Withinc-~ 
ton, Manchester. 

1865, *Adkins, Henry. Northfield, near Birmingham. 

1864. *Ainsworth, David. The Flosh, Cleator, Carnforth. 

1871. * Ainsworth, John Stirling. Harecroft, Cumberland. 

Ainsworth, Peter. Smithills Hall, Bolton. 
1842. *Ainsworth, Thomas. ‘The Flosh, Cleator, Carnforth. 
1871. tAinsworth, William M. The Flosh, Cleator, Carnforth. 
Atry, Sir Grorer Bropett, K.C.B., M.A., LL.D., D.C.L., F.R.S., 
F.R.A.S. The White House, Croom’s Hill, Greenwich, 8.E. 
1871. §Aitken, John, F.R.S.E. Darroch, Falkirk, N.B. 
Akroyd, Edward. Banlkfield, Halifax. 

1862. tAxcock, Sir Rurmerrorp, K.C.B., D.C.L., F.R.G.S. The Athe- 
neum Club, Pall Mall, London, 8.W. 

1861. {Alcock, Thomas, M.D. Side Brook, Salemoor, Manchester. 

1872. *Aleock, Thomas, M.D. Oakfield, Sale, Manchester, 

*Aldam, William. Frickley Hall, near Doncaster. 

1859. {ATEXANDER, (veneral Sir James Epwarp, K.O0.B., K.C.LS., 
F.R.S.E., F.R.A.S., F.R.G.S. Westerton, Bridge of Allan, 
N.B. 

1873. tAlexander, Reginald, M.D. 13 Hallfield-road, Bradford, Yorkshire. 

1858. {ALExXANDER, WirrrAM, M.D. Halifax. 

1850, {Alexander, Rev. William Lindsay, D.D., F.R.S.E. Pinkieburn, Mus- 
selburgh, by Edinburgh. 

1867. {Alison, George L. C. Dundee. 

1859. {Allan, Alexander. Scottish Central Railway, Perth. 

1871. tAllan, G., C.F. 17 Leadenhall-street, London, E.C. 

1871. {Ancen, Atrrep H., F.C.S. 1 Surrey-street, Sheffield. 

1879. *Allen, Rev. A. J.C. Peterhouse, Cambridze. 

1878. {Allen, | John Romilly. 5 Albert-terrace, Regent’s Park, London, 
NOW. 

1861. tAllen, Richard. Didsbury, near Manchester, 

1852. *Atren, Witr1AM J. C., Secretary to the Royal Belfast Academical 
Institution. Ulster Bank, Belfast. 

1863. tAllhusen, C. Elswick Hall, Newcastle-on-Tyne. 


Year of 
Election 


1873. 
1876. 
1878. 
1850. 
1850. 
1874. 
1876. 
1859. 
1880. 
1880. 
1880. 
1880. 


1877. 
1859, 
1878. 


1868. 
1870. 
1855. 
1874. 
1851. 
1861. 
1867. 
1879. 
1875. 
1878. 
1857. 
1870. 
18538. 
1870. 
1874. 
1873. 
1842. 


1866. 


1861, 


LIST OF MEMBERS. ii 


*Armman, Gzeorer J., M.D., LL.D., F.R.S.L. & E., M.R.LA., F.LS., 
Emeritus Professor of Natural History in the University of 
Edinburgh. Ardmoor, Parkstone, Dorset. 

tAmbler, John. North Park-road, Bradford, Yorkshire. 

tAnderson, Alexander. 1 St. James’s-place, Hillhead, Glasgow. 

tAnderson, Beresford. Saint Ville, Killiney. 

tAnderson, Charles William. Cleadon, South Shields. 

tAnderson, John. 31 St. Bernard’s-crescent, Edinburgh. 

tAnderson, John, J.P., F.G.S. Holywood, Belfast. 

tAnderson, Matthew. 137 St. Vincent-street, Glasgow. 

{tAnpERsON, Patrick. 15 King-street, Dundee. 

t Anderson, Richard. New Malden, Surrey. 

*Anpgrson, Tempest, M.D., B.Sc. 17 Stonegate, York. 

§Andrew, Mrs. 126 Jamaica-street, Stepney, London, E, 

*Andrews, Thornton, M.I.C.E. Cefn Eithen, Swansea. 

*Anprews, Toomas, M.D., LL.D., F.R.S., Hon. F.R.S.E., M.R.LA., 
F.C.S. Fortwilliam Park, Belfast. 

§ANGELL, JoHN, F.C.S. 81 Ducie-grove, Oxford-street, Manchester, 

tAngus, John. Town House, Aberdeen. 

tAnson, Frederick H. 9 Delahay-street, Westminster, S.W. 

Anthony, John, M.D. 6 Greenfield-crescent, Edgbaston, Birming- 
ham. 

Arsonn, James, M.D., F.RS., F.C.S., M-R.IA., Professor of 
Mineralogy at Dublin University. South Hill, Blackrock, Co. 
Dublin. 

tAppleby, C.J. Emerson-street, Bankside, Southwark, London, 8.E, 

tArcher, Francis, jun. 3 Brunswick-street, Liverpool. 

*ArcueEr, Professor THomas C., F.R.S.E., Director of the Museum 
of Science and Art, Edinburgh. St. Margaret's, Greenhill- 
place, Edinburgh. 

tArcher, William, F.R.S., M.R.LA. St. Brendan's, Grosvenor-road 
East, Rathmines, Dublin. 

tAreryzt, His Grace the Duke of, K.T., D.C.L., F.R.S. L.&E., F.G.S, 
Argyll Lodge, Kensington, London, W. ; and Inveraray, Argyle- 
shire. 

tArmitage, William. 95 Portland-street, Manchester, 

*Armitstead, George. Errol Park, Errol, N.B. 

*Armstrong, Sir Alexander, K.C.B., LL.D., F.R.S., F.R.G.S. The 
Albany, London, W. 

§Armstrong, Henry E., Ph.D., F.R.S., F.C.S. London Institution, 
Finsbury-circus, London, E.C, 

tArmstrong, James. 28 Renfield-street, Glasgow. 

Armstrong, Thomas. Higher Broughton, Manchester. 

*Armstrone, Sir Witt1am Grorex, C.B., LL.D., D.C.L., F.R.S. 
8 Great George-street, London, 8.W.; and Jesmond Dene, 
Newcastle-upon-Tyne. 

tArnott, Thomas Reid. Bramshill, Harlesden Green, London, NW. 

*Arthur, Rey. William, M.A. Clapham Common, London, 8.W. 

*Ash, Dr. T. Linnington. Holsworthy, North Devon. 

tAshe, Isaac, M.B. Dundrum, Co. Dublin. J 

§Ashton, John, Gorse Bank House, Windsor-road, Oldham. 

*Ashton, Thomas, M.D. 8 Royal Wells-terrace, Cheltenham. 

Ashton, Thomas. Ford Bank, Didsbury, Manchester. 

tAshwell, Henry. Mount-street, New Basford, Nottingham. 

*Ashworth, Edmund. Egerton Hall, Bolton-le-Moors. 

Ashworth, Henry. Turton, near Bolton. 
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1882. §Churton, Frederick. Albion-place, Southampton. 
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1869. *Clapp, Frederic. 2 East Southernhay, Exeter. 

1857. {Clarendon, Frederick Villiers. 1 Belvidere- -place, Mountjoy-square, 
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1877. *Clark, F. J. Street, Somerset. 
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1876. {Clark, George W. Glasvow. 
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§CLELAND, Jonny, M.D., F.R.S., Professor of Anatomy in the Univer- 
sity of Glasgow. 2 College, Glasgow. 

tClements, Henry. Dromin, Listowel, Ireland. 

tClerk, Rev. D. M. Deverill, Warminster, Wiltshire. 

§Cliff, John, F.G.S. Linnburn, Ilkley, near Leeds. 
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1871. *Connor, Charles C. Hope House, College Park East, Belfast. 
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1879. §Cooper, Thomas. Rose Hill, Rotherham, Yorkshire. 
1868. {Cooper, W. J. The Old Palace, Richmond, Surrey. 
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1860. {Cowper, Edward Alfred, M.I.C.E. 6 Great George-street, West- 


1867. 
1867. 
1867. 


minster, 8S. W. 
*Cox, Edward. 18 Windsor-street, Dundee. 
*Cox, George Addison. Beechwood, Dundee. 
tCox, James. Clement Park, Lochee, Dundee. 
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1882. 


1867. 
1867. 
1866. 
1876. 
1857. 
1879. 
1858. 
1876. 
1871. 


1871. 


1871. 
1870. 
1879. 
1876. 


1880. 
1878. 


1859. 
1857. 


§Cox, Thomas A., District Engineer of the 8., P., and D. Railway. 
Lahore, Punjab. Care of Messrs. Grindlay & Co., Parliament- 
street, London, 8. W. 
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*Crawford, William Caldwell, M.A. 27 Ziegelhaiiser-strasse, Heidel- 
berg. 

{Crawshaw, Edward. Burnley, Lancashire. 

*Crawshay, Mrs. Robert. Cathedine, Bwlch, Breconshire. 

TCreswick, Nathaniel. Handsworth Grange, near Sheffield. 

*Crewdson, Rey. George. St. George’s Vicarage, Kendal. 

Creryxe, The Venerable Archdeacon, M.A. Bolton Percy Rectory, 
Tadcaster. 

*Crisp, Frank, B.A., LL.B., F.L.S. 5 Lansdowne-road, Notting Hill, 
London, W. 

{Croke, John O’Byrne, M.A. The French College, Blackrock, Dublin. 

{Croll, A. A. 10 Coleman-street, London, E.C. 

{Crolly, Rev. George. Maynooth College, Ireland. 
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1865, §CrookEs, Witt1aM, F-.R.S., F.C.S. 7 Kensington Park-gardens, 
London, W. 
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1868. 
1867. 


1853 
1870 
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1863. {Dale, J.B. South Shields. 
1865, {Dale, Rev. R. W. 12 Calthorpe-street, Birmingham. 
1867. {Dalgleish, W. Dundee. 
1870. {Dallinger, Rev. W. H., F.R.S. Sheffield College, Glossop-road, 
Sheffield. 
Dalmahoy, James, F.R.S.E. 9 Forres-street, Edinburgh. 
59, {Dalrymple, Charles Elphinstone. West Hall, Aberdeenshire. 
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Dalton, Edward, LL.D., F.S.A. Dunkirk House, Nailsworth. 
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1859. {Dancer, J. B., F.R.A.S. Old Manor House, Ardwick, Manchester. 
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tDrzvs, HEIinricu, Ph.D., F.R.S., F.C.8., Lecturer on Chemistry 
at Guy’s Hospital, London, S.E. 
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*Hall, Captain Marshall. 13 Old-square, Lincoln’s Inn, London, W.C. 

*Hall, Thomas B. Australia. (Care of J. P. Hall, Esq., Crane 
House, Great Yarmouth.) 

*Hatt, Townsend M.,F.G.S. Pilton, Barnstaple. 

tHall, Walter. 11 Pier-road, Erith. 

“Haterz, T. G. P., M.A. Claverton Lodge, Bath. 

*Hatrerr, Wrttram Henry, F.L.S. Buckingham House, Marine 
Parade, Brighton. 

Halsall, Edward. 4 Somerset-street, Kingsdown, Bristol. 

*Hambly, Charles Hambly Burbridge, F.G.S. The Leys, Barrow-on- 
Soar, near Loughborough. 

§Hamilton, Rowland. Oriental Club, Hanoyer-square, London, W. 

{Hammond, C. C. Lower Brook-street, Ipswich. 

*Hammond, Robert. 110 Cannon-street, London, E.C. 

fHanagan, Anthony. Luckineton, Dalkey. 
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1878. 


1875. 
1865. 
1850. 
1861. 


1857. 
1847. 


1876. 
1865. 
1882, 
1867, 
1859, 
1853, 


1865. 
L869. 
1877. 
1869. 
1874. 
1872. 
1880. 


1858, 
1881. 
1876. 
1878. 
1871, 
1875. 


1877. 
1862. 


1862. 


1868. 
1881. 
1882. 
1872. 


1871. 


1865. 
1873. 
1860. 
1864, 
1873. 


1874 


§Hance, Edward M., LL.B. 103 Hartivgton-road, Sefton Park, 
Liverpool. 

tHancock, C. F., M.A. 36 Blandford-square, London, N.W. 

tHancock, John. 4 St. Mary’s-terrace, Newcastle-on-Tyne. 

tHancock, John, J.P. The Manor House, Lurgan, Co. Armagh. 

tHancock, Walter. 10 Upper Chadwell-street, Pentonville, London, 


N. 

tHanecock, William J. 23 Synnot-place, Dublin. 

tHancocx, W. Nueitson, LL.D., M.R.L.A. 64 Upper: Gardiner- 
street, Dublin. 

tHancock, Mrs. W. Neilson. 64 Upper Gardiner-street, Dublin. 

tHands, M. Coventry. 

§Hankinson, R. C. Bassett, Southampton. : 

tHannah, Rev. John, D.C.L. The Vicarage, Brighton. 

tHannay, John. Montcoffer House, Aberdeen. 

tHansell, Thomas T. 2 Charlotte-street, Sculeoates, Hull. 

*Harcovrt, A. G. Vernon, M.A., F.R.S., F.C.S. (GENERAL SECRE- 
TARY.) Cowley Grange, Oxford. 

Harcourt, Egerton V. Vernon, M.A., F.G.S. Whitwell Hall, York- 
shire. 

tHarding, Charles. Harborne Heath, Birmingham. 

tHarding, Joseph. Millbrooke House, Exeter. 

§Harding, Stephen. Bower Ashton, Clifton, Bristol. 

tHarding, William D. Islington Lodge, King’s Lynn, Norfolk. 

tHardman, E. T., F.C.S. 14 Hume-street, Dublin. 

tHardwicke, Mrs. 192 Piccadilly, London, W. 

§Hardy, John. 118 Embden-street, Manchester. 

*Harp, Cuartrs Jonn, M.D. Berkeley House, 15 Manchester- 
square, London, W. 

tHarerave, James. Burley, near Leeds. 

tHargrove, William Wallace. St. Mary’s, Bootham, York. 

tHarker, Allen. 17 Southgate-street, Gloucester. 

*Harkness, H. W. Sacramento, California. 

§Harkness, William. Laboratory, Somerset House, London, W.C. 

*Harland, Rev. Albert Augustus, M.A., F.G.S., F.L.8., P.S.A. The 
Vicarage, Harefield, Middlesex. 

*Harland, Henry Seaton. Brompton, Wykeham Station, York. 

*Hartey, Grorex, M.D., F.R.S., F.C.8. 25 Harley-street, London, 
W. 

*Harley, John. Ross Hall, near Shrewsbury. 

*Hartey, Rev. Rosrrt, F.R.S., F.R.A.S. 19 Woodberry-grove, 
Green Lanes, Middlesex, N. 

*Harmer, F. W., F.G.S. Oakland House, Cringleford, Norwich. 

*Harmer, Sidney F., B.Sc. King’s College, Cambridge. 

§Harper, G. T. Bryn Hyfrydd, Portswood, Southampton. 

{Harpley, Rev. William, M.A., F.C.P.8. Clayhanger Rectory, 
Tiverton, 

*Harris, Alfred. Lunefield, Kirkby-Lonsdale, Westmoreland. 

tHarris, Grorer, F.S.A. Iselipps Manor, Northolt, Southall, Mid- 
dlesex. 

tHarris, T. W. Grange, Middlesbrough-on-Tees. 

tHarris, WV. W.  Oak-villas, Bradford, Yorkshire. 

tHarrison, Rev. Francis, M.A. Oriel College, Oxford. 

tHarrison, George. Barnsley, Yorkshire. 

tHarrison, George, Ph.D., F.LS., F.C.S. 14 St. James’s-row. 
Sheffield. , 

. t{Harrison, G. D. B. 3 Beaufort-road, Clifton, Bristol, 
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1858. *Harrison, JAMES Park, M.A. 22 Connaught-street, Hyde Park, 
London, W. 

1870. {Harrison, Rrcinatp. 51 Rodney-street, Liverpool. 

1853. tHarrison, Robert. 36 George-street, Hull. 

1863, {Harrison, T. E. Engineers’ Office, Central Station, Newcastle-on- 


yue. 

1854.{ Harrowby, The Right Hon. the Earl of. 39 Grosvenor-square, 
London, W.; and Sandon Hall, Lichfield. 

1876. *Hart, Thomas. Brooklands, Blackburn. 

1881. §Hart, Thomas. 11 Richmond-terrace, Blackburn. 

1875. tHart, W. E. Wailderry, near Londonderry. 

Hartley, James. Sunderland. 

1871. {Hartley, Walter Noel, F.C.S., Professor of Chemistry in the Royal 
College of Science, Dublin. 

1854. SHarrnve, Joun, F.R.A.S. Liverpool Observatory, Bidston, 
Birkenhead. 

1870. ¢Harvey, Enoch. Riversdale-road, Aigburth, Liverpool. 

Harvey, J. R., M.D. St. Patrick’s- -place, Cork. 

1878. tHarvey, R. i, M.D. 7 Upper Mertion-street, Dublin. 

1862. *Harwood, John, jun. Woodside Mills, Bolton-le-Moors. 

1882. §Haslam, George James, M.D. Royal Hospital, Salford, Lanca- 
shire. 

1875. {Hastrrnes, G. W., M.P. Barnard’s Green House, Malvern. 

1857. {HavueHton, Rev. Samvrt, M.A., M.D., D.OC.L., F.R.S., M-R.LA., 
F.G.8., Senior Fellow of Trinity College, Dublin. Dublin. 

1874. {Hawlkins, Bb. Waterhouse, F.G.S. Century Club, East Fifteenth- 
street, New York. 

1872. “Hawkshaw, Henry Paul. 58 Jermyn-street, St. James’s, London, 
S.W 


*HAWKSHAW, Sir Jonny, C.E., F.R.S., F.G.S., F.R.G.S. Hollyecombe, 

Liphook, Petersfield ; ; and 33 Great ’ George-street, London, 
S.W. 

1864. *Hawxsnaw, Joun Crarke, M.A., F.G.8S. 50 Harrington-gardens, 
South Kensinton, S.W.; and 33 Great George-street, London,. 
S.W. 

1868. §Hawxstzy, Tuomas, C.E.,F.R.S., F.G.8. 380 Great George-street, 
London, S.W. 

1863. {Hawthorn, William. The Cottage, Benwell, Newcastle-upon-Tyne. 

1859. {Hay, Sir Andrew Leith, Bart. Rannes, Aberdeenshire. 

1877. {Hay, Arthur J. Lerwick, Shetland. 

1861, *Hay, Rear-Admiral the Right Hon. Sir Joun C. D., Bart., C.B., 
M.P., D.C.L., F.R.S. 108 St. George’s-square, London, 8. W. 

1858. {Hay, Samuel. Albion-place, Leeds. 

1867. t{Hay, William. 21 Maedalen-yard-road, Dundee. 

1857. tHayden, Thomas, M.D. 380 Harcourt-street, Dublin. 

1873. *Hayes, Rey. William A., M.A. Dromore, Co. Down, Ireland. 

1869. {Hayward, J. High-street, Exeter. 

1858. *Haywarp, Robert Batpwin, M.A., F.R.S. The Park, Harrow. 

1879. *Hazlehurst, George S. The Elms, Runcorn. 

1851. §Huan, Jprpuran, C.E., F.C.S. Middlesbrough, Yorkshire. 

1869. {Head, R. T. The Briars, Alphington, Exeter. 

1869. tHead, W. R. Bedford-circus, Exeter. 

1863. tHeald, Joseph. 22 Leazes-terrace, Newcastle-on-Tyne. 

1871. §Healey, George. Matson’s, Windermere. 

1861. *Heape, Benjamin. Northwood, Prestwich, near Manchester. 

1882. *Heape, Walter. New Museums, Cambridge. 

1877. {Hearder, Henry Pollington. Westwell-street, Plymouth. 
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1865. 
1877. 
1866. 
1863. 
1861. 


1865. 
1833. 
1855. 


1867. 


1869. 
1882. 
1865. 
1857. 


1867. 
1845. 


1873. 
1874. 
1876. 
1880, 
1856. 


1857. 
1873. 


1874. 


1870. 
1855. 
1855. 


1856. 
1882. 
1866. 
1871. 


1874. 


1865. 
1881. 
1882. 
1866. 
1866. 
179, 
1861. 


tHearder, William. Rocombe, Torquay. 

{Hearder, William Keep, F.S.A. 195 Union-street, Plymouth. 

tHeath, Rev. D. J. Esher, Surrey. 

tHeath, G. Y., M.D. Westgate-street, Newcastle-on-Tyne. 

tHeathfield, W. E., F.CS., FR.GS., F.RS LE. 20 King-street, 
St. James's, London, S.W. 

tHeaton, Harry. Harborne House, Harborne, near Birmingham. 

tHeavisipn, Rey. Canon J. W. L., M.A. The Close, Norwich. 

tHecror, James, M.D., F.R.S., F.G.S., F.R.G.S., Geological Survey 
of New Zealand. Wellington, New Zealand. 

{Heppre, M. Forsrrr, M.D., F.R.S.E., Professor of Chemistry in the 
University of St. Andrews, N.B. 

tHedgeland, Rey. W. J. 21 Mount Radford, Exeter. 

§Hedger, Philip. Cumberland-place, Southampton. 

tHedley, Thomas. Cox Lodge, near Newcastle-on-Tyne. 

*Hemans, George William, C.E., M.R.I.A., F.G.S. 1 Westminster- 
chambers, Victoria-street, London, 8. W. 

tHenderson, Alexander. Dundee. 

t Henderson, Andrew. 120 Gloucester-place, Portman-square, London, 


*Henderson, A. L. 49 King William-street, London, E.C. 
tHenderson, James Alexander. Norwood Tower, Belfast. 
*Henderson, William. Williamfield, Irvine, N.B. 

*Henderson, Commander W. H., R.N. H.M.S. Nelson, Australia. 

{Heyyessy, Hunry G., F.R.S., M.R.1.A., Professor of Applied 
Mathematics and Mechanics in the Royal College of Science 
for Ireland. 3 Idrone-terrace, Blackrock, Co. Dublin. 

tHennessy, Sir John Pope, K.C.M.G., Governor and Commander-in- 
Chief of Hong Kong. 

*Henrici, Olaus M. F. E., Ph.D., F.R.S., Professor of Applied Mathe- 
matics in University College, London. Meldorf Cottage, 
Kemplay-road, Hampstead, London, N.W. 

Henry, Franklin. Portland-street, Manchester. 

Henry, J. Snowdon. East Dene, Bonchurch, Isle of Wight. 

Henry, Mitchell, M.P. Stratheden House, Hyde Park, London, W. 
tHenry, Rev. P. Sautpam, D.D.,M.R.LA. Belfast. 

*Henry, WILLIAM Cuartes, M.D., F.R.S., F.G.S., F.R.G.S., F.C.S. 
Haffield, near Ledbury, Herefordshire. 

tHenty, William. 12 Medina-villas, Brighton. 

*Hepburn, J. Gotch, LL.B., F.C.S.  Baldwyns, Bexley, Kent. 

tHepburn, Robert. 9 Portland-place, London, W. 

Hepburn, Thomas. Clapham, London, 8.W. 

tHepworth, Rev. Robert. 2 St. James's-square, Cheltenham. 

§Herbert, The Hon. Auberon. Ashley, Arnewood Farm, Lymington. 

tHerrick, Perry. Bean Manor Park, Loughborough. 

*HerscHeL, Professor ALEXANDER S., B.A., F.R.A.S. College of 
Science, Newcastle-on-Tyne. 

§Herschel, Major John, R.E., F.R.S., F.R.A.S. Mussoorie, N. W. P. 
India. (Care of Messrs. H. Robertson & Oo., 5 Crosby-square, 
London, E.C.) 

tHeslop, Dr. Birmingham. 

tHey, Rev. William Croser, M.A. Clifton, York. 

§Heycock, Charles T., B.A. King’s College, Cambridge. 

*Heymann, Albert. West Bridgford, Nottinghamshire. 

tHeymann, L. West Bridgford, Nottinghamshire. 

{tHeywood, A. Percival. Duffield Bank, Derby. 

*Heywood, Arthur Henry. Elleray, Windermere. 
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1861. 


1881. 
1875. 


1877. 
1864. 
1861. 
1875. 


1871. 
1854, 


1861. 
1870. 


1880. 
1872. 


1881. 
1857. 


ibs vAlle 
1881. 
1876. 
1865. 
1871. 
1858. 


1870. 


1865. 
1865. 
1881. 
1858. 
1861. 


1870. 


1881. 
1864. 
1864, 
1864. 
1879. 
1879. 
1877. 
1877. 
1876. 


*Haywoop, James, F.R.S., F.G.S., F.S.A., F.R.G.S., F.S.8. 26 Ken- 
sington Palace-gardens, London, W. 
*Heywood, Oliver. Claremont, Manchester. 
Heywood, Thomas Percival. Claremont, Manchester. 
§Hick, Thomas, B.A., B.Se. 2 George’s-terrace, Harrogate. 
{Hicxs, Heyry, M. D., F.G.8. Hendon Grove, Hendon, Middlesex, 
NEW 
§Hicxs, W. M., M.A. St. John’s College, Cambridge. 
*Hrmrn, W. P., M.A. Castle House, Barnstaple. 
*Higgin, James. Lancaster-avenue, Fennel-street, Manchester. 
tHiggins, Charles Hayes, M.D., M-R.C.P., F.R.C.8., F.R.S.E. Alfred 
House, Birkenhead. 
{Hieerms, Crement, B.A., F.C.S. 103 Holland-road, Kensington, 
London, W. 
tHieerns, Rey. Hunry H., M.A. The Asylum, Rainhill, Liver- 
ool. 
*Higsins, James. Holmwood, Turvey, near Bedford. 
tHigginson, Alfred. 135 Tulse Hill, London, S.W. 
Hildyard, Rev. James, B.D., F.C.P.S. Ingoldsby, near Grantham, 
Lincolnshire. 
Hill, Arthur. Bruce Castle, Tottenham, Middlesex. 
{Hill, Benjamin. Cwmdwr, near Clydach, Swansea. 
§Hill, Charles, F.S.A. Rockhurst, West Hoathley, East Grin- 
stead. 
*Hill, Rev. Canon, M.A., F.G.S. Sheering Rectory, Harlow. 
SHirt, Rey. Epwiy, M. Wis F.G.S. St. John’s College, Cambridge. 
§Hill, John, C.E., M. RL #., FE.R.G.S.I. County Surv eyor’s Office, 
Ennis, Treland. 
THill, Lawrence. The Knowe, Greenock. 
§Hill, Pearson. 50 Belsize Park, London, N.W. 
tHill, William H. Barlanark, Shettleston, N.B. 
t{Hills, F.C. Chemical Works, Deptford, Kent, S.E. 
*Hills, Thomas Hyde. 225 Oxford-street, London, W. 
tHincxs, Rev. Tuomas, B.A., F.R.S.  Stancliff House, Clevedon, 
Somerset. 
t{Hivpg, G. J., Ph.D., F.G.S. 11 Glebe Villas, Mitcham, Surrey. 
*Hindmarsh, Luke. Alnbank House, Alnwick. 
{Hinds, James, M.D. Queen’s College, Birmingham. 
{Hinds, William, M.D. Parade, Birmingham. 
§Hingston, J. T. Clifton, York. 
{Hirst, John, jun. Dobcross, near Manchester. 
*Hirst, T. Arcupr, Ph.D., F.R.S., F.R.A.S. Royal Naval College, 
co ene S.E.; and Athenzum Club, Pall Mall, London, 
We 
tHitchman, William, M.D., LL.D., F.L.S. 29 Erskine-street, 
Liverpool. 
*Hoare, Rev. Canon. Godstone Rectory, Redhill. 
Hoare, J. Gurney. Hampstead, London, N.W. 
§Hobbes, Robert George. The Dockyard, Chatham. 
tHobhouse, Arthur Fane. 24 Cadogan-place, London, 8. W. 
{Hobhouse, Charles Parry. 24 Cadogan-place, London, 8.W. 
{Hobhouse, Henry William. 24 Cadogan-place, London, §.W. 
§Hobkirk, Charles P., F.L.S8. Huddersfield. 
§Hobson, John. Tapton Elms, Sheffield. 
{Hockin, Edward. Poughill, Stratton, Cornwall. 
tHodge, Rev. John } Mackey, M. A. 38 Tavistock-place, Plymouth. 
tHodges, eden W. Queen’s College, Belfast. 
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1852. t{Hodges, John F., M.D., F.C.8., Professor of Agriculture in Queen’s 
College, Belfast. 
1863. *Hopexry, THomas. Benwell Dene, Newcastle-on-Tyne. 
1880. §Hodgkinson, W. R. Eaton, Ph.D. Science Sehools, South Kensing- 
ton Museum, London, 8.W. 
1873. *Hodgson, George. Thornton-road, Bradford, Yorkshire. 
1873. tHodgson, James., Oakfield, Manningham, Bradford, Yorkshire. 
1863. THodgson, Robert. Whitburn, Sunderland. 
1863. {Hodgson, R. W. North Dene, Gateshead. 
1865. *Hormann, August Wituertm, M.D., LL.D., Ph.D., F.R.S., F.C.S. 
10 Dorotheen Strasse, Berlin. 
1854. *Holeroft, George. Byron’s-court, St. Mary’s-gate, Manchester. 
1873. *Holden, Isaac. Oakworth House, near Keighley, Yorkshire. 
1879, tHolland, Calvert Bernard. Ashdell, Broomhill, Sheftield. 
1878. *Holland, Rev. F. W., M.A. Evesham. 
*Holland, Philip H. 3 Heath-rise, Willow-road, Hampstead, Lon- 
don, N. W. 
1865. {Holliday, William. New-street, Birmingham. 
1866. *Holmes, Charles. 59 London-road, Derby. 
1873. tHolmes, J. R. Southbrook Lodge, Bradford, Yorkshire. 
1882. *Holmes, Thomas Vincent, F.G.S. 28 Croom’s-hill, Greenwich, 8.E. 
1876. {Holms, Colonel William, M.P. 95 Cromwell-road, South Kensing- 
ton, London, 8S. W. 
1870. tHolt, William D. 23 Edge-lane, Liverpool. 
1875. *Hood, John. The Elms, Cotham Hill, Bristol. 
1847. {Hooxer, Sir Josep Datron, K.C.8.1., K.C.B., M.D., D.C.L., LL.D., 
E.R.S., V.P.L.S.,F.G.S., F.R.G.S. Royal Gardens, Kew, Surrey. 
1865. *Hooper, John P. Coventry Park, Streatham, London, 8.W. 
1877. *Hooper, Samuel F., B.A. Tamworth House, Mitcham Common, 
Surrey. 
1856. tHooton, Jonathan. 80 Great Ducie-street, Manchester. 
1842. Hope, Thomas Arthur. Stanton, Bebington, Cheshire. 
1865. {Hopkins, J.S. Jesmond Grove, Edgbaston, Birmingham, 
1882. *Hopkinson, Edward, D.Sc. 12 Queen Anne’s-gate, London, S.W. 
1870. *Horxinson, Jonn, M.A., D.Sc., F.R.S. 78 Holland-road, Ken- 
sington, London, W. 
1871. *Hopxrnson, Jonny, F.L.S., F.G.S. 95 New Bond-street, London, W. ; 
and Wansford House, Watford. 
1858. tHopkinson, Joseph, jun. Britannia Works, Huddersfield. 
Hornby, Hugh. Sandown, Liverpool. 
1876. *Horne, Robert R. 150 Hope-street, Glasgow. 
1875. *Horniman, F. J. Surrey House, Forest Hill, London, 8.E. 
1854. {Horsfall, Thomas Berry. Bellamour Park, Rugeley. 
1856. tHorsley, John H. 1 Ormond-terrace, Cheltenham. 
1868. tHotson, W. C. Upper King-street, Norwich. 
Hoveuton, The Right Hon. Lord, M.A., D.C.L., F.R.S., F.R.G.S. 
Travellers’ Club, London, 8. W. 
1858. {Hounsfield, James. Hemsworth, Pontefract. 
Hovenden, W. F., M.A. Bath. 
1879. *Howard, D. 60 Belsize Park, London, N.W. 
1863. tHoward, Philip Henry. Corby Castle, Carlisle. 
1882. §Howard, William Frederick, Assoc. Memb. Inst.C.E. 15 Caven- 
dish-street, Chesterfield, Derbyshire. 
1876. tHowatt, James. 146 Buchanan-street, Glasgow. 
1857. t{Howell, Henry H., F.G.S., Director of the Geological Survey of 
Scotland. Geological Survey Office, Victoria-street, Edinburgh. 
1868. tHowextt, Rev. Canon Hixps. Drayton Rectory, near Norwich. 
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1878. 
1880. 
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1862. 


1877. 
1865. 
1864, 
1875. 


1868. 
1867. 
1881. 
1881. 
1869. 


1879. 
1863. 
1869. 
1882. 
1861. 


1870. 
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*Howtert, Rey. FREDERICK, F.R.A.S. East Tisted Rectory, Alton, 
Hants. 

tHoworru, H. H. Derby House, Eccles, Manchester. 

tHowson, The Very Rev. J. 8., D.D., Dean of Chester. Chester. 

tHubback, Joseph. 1 Brunswick-street, Liverpool. 

*Hupson, Henry, M.D., M.R.I.A. Glenville, Fermoy, Co. Cork. 

§Hudson, Robert, F.R.S., F.G.S., F.L.S. Clapham Common, London, 
S.W. 

tHudson, Robert 8., M.D. Redruth, Cornwall. 

tHupson, WittrAm H. H., M.A., Professor of Mathematics in King’s 
College, London. 19 Bennet’s-hill, Doctors’ Commons, London, 
E.C. 

*Houecins, Witrram, D.C.L. Oxon., LL.D. Camb., F.R.S., F.R.A.S. 
Upper Tulse Hill, Brixton, London, 8.W. 

tHuggon, William. 380 Park-row, Leeds. 

*Hughes, George Pringle, J.P. Middleton Hall, Wooler, Northum- 
berland. 

*Hughes, Lewis. Fenwick-court, Liverpool. 

*Hughes, Rev. Thomas Edward. Walltield House, Reigate. 

§Hueuss, T. M‘K., M.A., F.G.S., Woodwardian Professor of Geology 
in the University of Cambridge. 

{ Hughes, T. W. 4 Hawthorne-terrace, Newcastle-on-Tyne. 

tHughes, W. R., F.L.S., Treasurer of the Borough of Birmingham. 
Birmingham. 

§Hutt, Epwarp, M.A., F.R.S., F.G.S., Director of the Geological 
Survey of Ireland, and Professor of Geology in the Royal College 
of Science. 14 Hume-street, Dublin. 

*Hulse, Sir Edward, Bart., D.C.L. 47 Portland-place, London, W. ; 
and Breamore House, Salisbury. 

tHume, Rey. Canon ABRAHAM, D.C.L., LL.D., F.S.A. All Souls’ 
Vicarage, Rupert-lane, Liverpool. 

tHumphreys, H. Castle-square, Carnarvon. 

tHumphreys, Noel A., F.S.S. Ravenhurst, Hook, Kingston-on- 
Thames. 

tHumphries, David James. 1 Keynsham-parade, Cheltenham. 

*Humpury, Grorcr Murray, M.D., F.R.S., Professor of Anatomy 
in the University of Cambridge. Grove Lodge, Cambridge. 

*Hunt, Arruur Roorg, M.A., F.G.8. Southwood, Torquay. 

tHunt, J. P. Gospel Oak Works, Tipton. 

tHunt, W. 72 Pulteney-street, Bath. 

*Hunt, William. The Woodlands, Tyndall’s Park, Clifton, Bristol. 

Hunter, Andrew Galloway. Denholm, Hawick, N.B. 

tHunter, Christopher. Alliance Insurance Office, North Shields, 

tHunter, David. Blackness, Dundee. 

§Hunter, F. W. Newbottle, Fence Houses, Durham. 

tHunter, Rev. John. 388 The Mount, York. 
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THIRD AND CONCLUDING VOLUME OF 


The Life of Bishop Wilberforce. 


FROM THE YEAR 1860 TO HIS DEATH IN 1873 
By his Son, REGINALD G. WILBERFORCE. 


With Portrait and an Index to the entire Work, 8vo. 15s. 

“*He was a consummate ecclesiastic politician, and long before he died he had been acknow- 
edged leader of the Episcopate. ‘The Bishop has drawn his own portrait with a hand 
unconscious of its work, and in a manner which extorts success. His private diary is a record 
of great interest...... in it we see more of the man himself and less of his public character, and 
we are led to a more kindly estimate of the Bishop’s acts and purposes, of his struggles and 
sorrows, of his failures and successes,"— The Times. 


The Dictionary of Christian Biography, 
Literature, Sects, and Doctrines, 


DURING THE FIRST EIGHT CENTURIES OF THE CHRISTIAN ERA, 


VOLUME III.—HERMOGENES TO MYENSIS. 
Edited by WM. SMITH, D.C.L., and HENRY WACE, D.D. 
Medium 8vo, 31s. 6d. To be completed in 4 Vals, 


**Das vorziigliche Werk,...... dessen Vollendung bald zu wunschen ist, gereicht der 
Englischen Theologie zur hohen Ehre."— |Vil/enfeld's Zeitschrift. 
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Greece. 
PICTORIAL, DESCRIPTIVE, AND HISTORICAL. 


By CHRISTOPHER WORDSWORTH, D.D., 
Bishop of Lincoln. 


WITH AN INTRODUCTION ON THE CHARACTERISTICS OF GREEK ART, 
By GEORGE SCHARF, F.S.A., 


Director, Keeper, and Secretary, of the National Portrait Gallery. 


New and Revised Edition, Edited by H. F. TOZER, M.A., 


Tutor of Exeter College, Oxford; Author of ‘‘ The Highlands of Turkey,” ‘‘ Lectures on the Geography 
of Greece,” &c. 


With 400 Illustrations of Scenery, Architecture, and Fine Arts of the Country. 


Royal 8vo. 315. 6d. 


‘‘A book of this kind could only be produced by a scholar who has ancient history and the 
classics at his fingers’ ends, besides a power of summoning historical associations on seeing 
certain natural or artificial objects...... It may be said with truth, that all students of Greek Art 
or Greek Literature should possess the Bishop of Lincoln's book. It is unique in English 
literature.""—Architect. 


Recreations and Studies of a Country 
Clergyman of the Last Century. 


BEING SELECTIONS FROM THE CORRESPONDENCE OF 
THOMAS TWINING, M.A., 


Sometime Fellow of Sidney Sussex College, and Rector of St. Mary- at-the-Walls, Colchester, 
Editor of Aristotle’s ‘De Arte Poetica.” 
Crown 8vo. 9s. 


‘« Mr. Twining has done well in bringing before the restless thought of the day, this record of 
a blameless, simple, and studious life...... ‘One of the most enjoyable volumes of the season.’’— 
Citerary World. 


Sunny Lands and Seas. 
A CRUISE ROUND THE WORLD IN THE SS. “CEYLON.” 


BEING NOTES MADE DURING A FIVE MONTHS’ TouR IN 


INDIA, THE STRAITS SETTLEMENTS, MANILA, CHINA, JAPAN, 
THE SANDWICH ISLANDS, AND CALIFORNIA. 


By HUGH- WILKINSON, Barrister-at-Law. 


With Map and Illustrations. 8vo. 12s. 


‘* These notes of travel are pleasantly and even brightly written, and have an air of naive 
originality peculiar to genuine first impressions.""—S?, Fames' Gazette. 
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Lite of Jonathan Switt, 


DEAN OF ST. PATRICK’S, DUBLIN. 
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By HENRY CRAIK, M.A., 
Late Scholar and Snell Exhibitioner, Balliol College, Oxford. 
With Portrait. 8vo. 18s. 

“Mr. Craik’s materials have received many important additions, and altogether it is hardly 
to be expected that time and research will do much more to give to this giant figure in the 
literary history of the last century more distinct outlines. Mr. Craik’s tone is not one of 
idolatry, so common among biographers, yet in the able summary and view of Swift's genius 


and career, ample justice is done ‘to his brilliant powers, and above all, to that scorn for 
hypocrisy and meanness which underlies his Rabelaisian humour.'""—Dazly News. 


TREATISE ON THE 
Augustinian Doctrine of Predestination. 


By J. B. MOZLEY, D.D., 
Late Canon of Christ Church, and Regius Professor of Divinity at Oxford. 


Third Edition. With Analysis of the Contents, and Index. Crown 8vo. Qs. 


“The design of this treatise is to give an account of St. Augustine’s Doctrine of Predesti- 
nation, together with such comments as may be necessary for a due examination of and 
judgment upon it.’ 

“Such are the words in which its author commences a work which will be admitted by 
every competent reader to exhibit very remarkable powers. It is a work of no pretence or 
assumption, yet there is abundant evidence on almost every page that it has formed the 
careful labour of years." —Christian Remembrancer. 
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THE 


Rise and Growth of the Law of Nations. 


AS ESTABLISHED BY GENERAL USAGE AND BY TREATIES. 


From THE Ear.iest TIME To THE TREATY OF UTRECHT. 


By JOHN HOSACK, Barrister-at-Law, 
Of the Middle Temple. 


8vo. 125. 


“‘An admirable volume . . . it is literary in the most agreeable sense of being part history, 
and in great part narrative. Though not a text book it is an indispensable adjunct to it, and 
it certainly breaks new ground in the treatment of a perverse and difficult subject," —Dudlin 
Evening Mail, 
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Student’s Geography of British India— 
Political and Physical. 


By GEORGE SMITH, LL.D., 


Author of the “‘ Lives of Dr. 


Maps. 


Post 8vo. 


Wilson—Dr. Duff,’ 
7s. 6d. 


&e. 
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Raphael : 


HIS LIFE AND WORKS. 


WITH PARTICULAR REFERENCE TO RECENTLY DISCOVERED RECORDS, AND AN 
EXHAUSTIVE STUDY OF EXTANT DRAWINGS AND PICTURES. 


By J. A. CROWE, and G. B. CAVALCASELLE, 


Authors of ‘‘ Painting in North Italy,” ‘‘ Flemish Painters,” ‘“‘ Life of Titian,” &c. 


Vol. I. 


8vo. 


15s. 


UNIFORM WITH ‘‘ CROWE’S LIFE AND TIMES OF TITIAN.” 


‘This is‘a book for those who take art, and art history seriously, as a subject worth carefu 
thought and study. The number of these in proportion to the mass of readers, has un- 
doubtedly increased of late, and to all these Messrs. Crowe and Cavalcaselle’s Raphael is a 


necessity, a book which their library cannot be without. 
containing such an amount of solid information . . 


remarkably readable." —T7ke Builder. 


We have seen few books of biography 
. the book is not only clearly arranged, but 


Asiatic Studies—Religious and Social. 


By Sir ALFRED C. LYALL, K.C.B. 


8vo. 
RELIGION OF AN INDIAN PROVINCE. 
ORIGIN OF DIVINE MyTHs IN INDIA. 


INFLUENCE UPON RELIGION OF A RISE 


IN MORALITY. 


WITCHCRAFT AND NON-CHRISTIAN RE- 
LIGIONS. 


MISSIONARY ANG NON-MISSIONARY RE- 
LIGIONS. 


‘«The value of these essays consists in this ; 
society, which is still, 


12s. 


RELATIONS BETWEEN THE STATE AND 
RELIGION IN CHINA. 


FORMATION OF SOME CLANS AND CASTES | 
IN INDIA. 


Rajput STATES IN INDIA, | 

ISLAM IN INDIA. : 

Our ReE.ticious PoLicy IN INDIA. 
RELIGIOUS SITUATION IN INDIA. 


they embody observations made on a living 


except for the superficial ‘influence of European civilization, in a 


thoroughly archaic stage, and made by one who not only has exceptionally good oppor- 
tunities, but an exceptionally clear insight into the manner in which the facts which come 
before him illustrate or correct the theories of Western authors...... Sir A. Lyall’s work has that 


rare quality more easily felt than described, w hich when it is perceived and recognized, we call 
genius.”"—Pail Mall Gazette. 


MR. sins i (he LIST OF NEW PUBLICATIONS. 


James and Philip Van Arteveld. 


TWO REMARKABLE EPISODES IN THE HISTORY OF FLANDERS. 


5 


WITH A DESCRIPTION OF THE STATE OF SOCIETY IN FLANDERS 
IN THE 14TH CENTURY. 


By JAMES HUTTON, 
Author of ‘A Hundred Years Ago,” &c. 


Crowi 8vo. 10s. 6d. 


‘This is undoubtedly a valuable contribution to our accurate acquaintance with two remark- 
able men, and assists us to cherish a deep interest in people and times concerning whose 
character few of us can profess to be well informed.""—Lé/erary World. 


os 


Method in Almsgiving. 
A HANDBOOK FOR HELPERS. 
By M. W. MOGGRIDGE, 


Member of the Council and Administrative Committee and Hon. Secretary of the St. James’ and 
Soho Committee of the Charity Organization Society. 


Post 8vo. 38. 6d. 


‘To the thoughtful, the kindly, the rich, or the otherwise influential we commend the digest 
of facts and suggestions to be found in the pages before us.""—.Spectator, 


Se 


Catalogue of the York Gate Geographical 
and Colonial Library. 


Medium 8vo. 10s. 6d. 
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WORKS ON SIBERIA. 
By HENRY SEEBOHM, F.R.G.S., &c., &c. 


Siberia in Asia, Siberia in Europe. 
A Visit to the Valley of the A Naturalist’s Visit to the 
Yenesay in East Siberia. Valley of the Petchora in North 
With Description of the Natural East Russia. 
History, Migration of Birds, &c. With With Descriptions of Birds and 
Map and 60 Illustrations, Crown their Migrations. With L/lustrations. 
8vo. 145. Crown 8vo. 145. 


‘© This work is one which should be in the hands of every lover of nature. "—Fie/d. 
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ELWIN’S AND COURTHOPE'’S EDITION. 


The Works of Alexander Pope. 


VOLUME IV.—THE DUNCIAD, &c. 
Edited, with Notes and Introductions, by W. J. COURTHOPE. 


With Illustrations. 8vo. 10s. 6d. 


ALREADY PUBLISHED: 
Vols. L.,II., III.,I1V.—POETRY. Vols. VI., VII.,VIII.—PROSE WORKS, 
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Winters Abroad. 


SOME INFORMATION RESPECTING PLACES VISITED BY THE 
AUTHOR ON ACCOUNT OF HIS HEALTH. 


INTENDED FOR THE USE AND GUIDANCE OF INVALIDS. 
By R. H. OTTER, M.A. 


Crown 8vo. 7s. 6d. 
AUSTRALIA :— 


THE RIVERINA. 
MELBOURNE. ALGIERS. 
‘TASMANIA. EGYPT. 
SYDNEY. CAPE OF GOOD HOPE. 
QUEENSLAND. DAVOS. 


“Mr. Otter gives information in a clear and compact manner, he states his own opinions 
frankly and impartially, and the result is as useful and comprehensive a little book on the 
subject of winter health resorts as has appeared for some time."—Scofsman, 
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COLLECTIONS TOWARDS THE 


History and Antiquities of the County 
of Hereford. 


IN CONTINUATION OF DUNCUMB’S HISTORY AND FORMING 
THE THIRD VOLUME OF THAT WORK. 


By W. H. COOKE, M.A., Q.C., F.S.A. 
With Map and Illustrations. 4to, £2 12s. 6d. 
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Albert #Diirer, His Life and Works. 


By MORIZ THAUSING, 


Keeper of the Albertina Collection at Vienna, 


TRANSLATED FROM THE GERMAN, 


Edited by F. A. EATON, M.A., 
Secretary to the Royal Academy. 


Portraits and other Illustrations, 2 Vols, Medium 8vo. 42s, 


“Those who do not read German will owe a debt of gratitude to Mr. Eaton for having 
translated this remarkable and instructive work, which is so justly celebrated on the Continent 
as a masterpiece of biographical and artistic literature. It is one of the most important art 
books which has appeared in many years.""— Times. 


 . 


Speeches and Addresses, 


POLITICAL, LITERARY, AND SOCIAL, 


DELIVERED IN THE HOUSE OF LORDS, IN CANADA, 
AND ELSEWHERE. 


By the EARL OF DUFFERIN, 


Late Governor-General of Canada, H.B.M. Ambassador at the Court of the Sultan. 


8uvo, 125, 


—————_ooq 
AN ARGUMENT FOR 


The Divinity of Jesus Christ. 


By the ABBE EM. BOUGAUD. 


Translated from the French by C. L. CURRIE. 
Post 8vo. 6s. 


——o>—— 
TWO POPULAR BIOGRAPHIES. 


Life of David Livingstone. | Life of a Scotch Naturalist. 


Founded on his Unpublished | (THomMAas Epwarp, Shoemaker, 


Journals and Correspondence. of Banff.) 
By W. G. BLAIKIE, D.D. New By SAMUEL SMILES, LL.D. Mew 
Ldition, With Portrait and Map. Edition. With Portrait and Illus- 


Post 8vo. 6s. trations. Post 8vo, 6s. 
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Summer Travelling in Iceland. 


BEING THE NARRATIVE OF TWO JOURNEYS ACROSS THE ISLAND 
BY UNFREQUENTED ROUTES. 


Witu HistroricAL INTRODUCTION AND SOME HINTS FOR A TOUR IN ICELAND, 


By JOHN COLES, 


Instructor in Practical Astronomy, Royal Geographical Society. 
INCLUDING A CHAPTER-ON ASKJA., 
By E. DELMAR MORGAN, F.R.G.S. 


With a large Map of Iccland and 20 Illustrations. 8vo. 18s. 


Lectures on Architecture, 


DELIVERED BEFORE THE ROYAL ACADEMY 


By the. late EDWARD M. BARRY, R.A. 
Edited, with Memoir, by CANON BARRY, D.D. 


Portrait and Tlustrations. S8vo. 16s. 


Dog-Breaking. 
THE MOST EXPEDITIOUS, CERTAIN, AND EASY METHOD 


WHETHER GREAT EXCELLENCE OR ONLY MEDIOCRITY 
BE REQUIRED ; 


WITH Opps AND ENDS FOR THOSE WHO LOVE THE DoG AND THE GUN. 


By General W. N. HUTCHINSON, 


Duke of Wellington’s Regiment, late Colonel of the Grenadier Guards. 


Seventh Edition. With 40 Illustrations. Crown 8vo. 7s. 6d. 


*.* A Summary of the Rules of Dog-Breaking for the 


use of Gamekeepers. 
Separately, price 1s. 
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Manual of Hydrographical Surveying. 
A DESCRIPTION OF THE MEANS AND METHODS EMPLOYED IN 
CONSTRUCTING MARINE CHARTS. 

By Capt. W. J. L. WHARTON, R.N., 


Late in Command of H.M. Surveying Ships, ‘‘Sheerwater” and ‘‘ Fawn. 


With Illustrations. 8vo. 15s. 


““A more practical and useful book would be difficult to imagine, containing as it does 
detailed information on all matters in which the nautical surveyor is likely to engage, and 
bearing the impress of practical knowledge and experience on every page.’"— /e/d. 


The White Sea Peninsula. 


A JOURNEY TO THE WHITE SEA, AND THE KOLA DISTRICT. 


By EDWARD RAE, F.R.G.S., 
Author of ‘‘ The Land of the North Wind,” “‘ The Country of the Moors,” &c. 


With Map, 14 Etchings, and 13 Woodcuts. Crown 8vo. 155. 


OE 


The Land of the Midnight Sun. 


SUMMER AND WINTER JOURNEYS THROUGH SWEDEN, NORWAY, 
LAPLAND, AND NORTHERN FINLAND. 


WitTH DESCRIPTIONS OF THE INNER LIFE OF THE PROPLE, THEIR MANNERS 
AND CUSTOMS, THE PRIMITIVE ANTIQUITIES, &c., &c, 


By PAUL B. DU CHAILLU, 
Author of ‘ Equatorial Africa,” ‘‘Ashango Land,” &c. 


Third Edition. With Map and 235 Illustrations. 2 Vols. S8vo. 36s. 
a 
By Sir RICHARD TEMPLE, Bart. 


Men and Events of my Time , India in 1880. 
in India. ar Third Edition. 8vo. 16s. 


“Sir Richard Temple's book is a lively personal record of the most eventful chapters of 
recent Indian history. Few men are better fitted than he is to form clear and authoritative 


opinions on the interesting history he has to tell.""— Zvmes. 
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Old Deccan Days ; 
HINDOO FAIRY LEGENDS CURRENT IN SOUTHERN INDIA, 
COLLECTED FROM ORAL TRADITION, 
By MARY FRERE. 
With Introduction & Notes by SIR BARTLE FRERE, Bart. 


Third Edition. Wit: Illustrations by C. F. FRERE. fost 8v0, 75. 6d, 


A Manual of Naval Architecture. 


FOR THE USE OF OFFICERS OF THE ROYAL NAVY, OFFICERS OF 
THE MERCANTILE MARINE, SHIPBUILDERS, SHIPOWNERS, 
AND YACHTSMEN. 


By W. H. WHITE, 


Chief Constructor, Royal Navy ; Member of the Council of the Institution of Naval Architects ; 
Member of the Institution of Civil Engineers ; Fellow of the Royal School of Naval Architecture ; and 
Late Instructor in Naval Architecture at the Royal Naval College. 


Second Edition, Revised and Enlarged, With 150 Illustrations, 8vo. 245. 


*,* The Lords Commissioners of the Admiralty have authorized the issue of this Book to the Royal Navy. 


‘« This is the second edition of the best modern work on naval architecture—a work which 
has displaced all others,""—Fe/d, 


THE REVISED VERSION OF THE NEW TESTAMENT. 


The Revised Version of the | Should the Revised New 


Three First Gospels Testament be Authorised ? 
Considered in its Bearings upon By Sir EDMUND BECKETT 
’ ’ 
the Record of Our Lord s Words Bart., Q.C., Chancellor and Vicar- 
and of Incidents in His Life. General of York. Jost 8vo. 6s. 
By F. C. COOK, M.A., Canon 
of Exeter, and Editor of ‘‘ The *,* Also An Answer to Canon 


Speaker’s Commentary.” 8v0, 95. Farrar, Price 6d, — 
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Letters & Journals of Sir Wm. Gomm, 
G.C.B; 


COMMANDER-IN-CHIEF IN INDIA, CONSTABLE OF THE TOWER, 
AND COLONEL OF THE COLDSTREAM GUARDS. 


1799—1815. — THE HELDER~ BreRcGEN — CopENHAGEN — RoLicA — VIMIERA — 
CORUNNA—WALCHEREN ExPEDITION—Busaco—ToRRES VEDRAS—FUENTES 
D’ONOR—ALBUERA— BADAJOS—SALAMANCA—BURGOS—VITTORIA—PYRENEES— 
WATERLOO, &c. &e. 


Edited by FRANCIS CULLING CARR GOMM, 
H.M. Madras Civil Service. 


fortraits. S8vo. 125. 


DEAN STANLEY’S LAST WORKS. 


Christian Institutions ; Special Sermons, 
Essays on Ecclesiastical sub- Preached in Westminster 
jects. Abbey. 
Third Edition. 8vo, 125. Second Edition, 8vo, 12s. 
———_>———_- 


By LADY ANNE BLUNT. 


A Pilgrimage to Nejd, the | Travels among the Bedouin 


Cradle of the Arab Race. Tribes of the Euphrates. 

The Court of the Arab Emir, With some Account of the 
and Our Persian Campaign. Arabs and their Horses. 

Second Edition. With Map and With Map and _Iilustrations, 


Illustrations, 2 Vols, Crown Syo, 24.5. 2 Vols. Crown 8yo. 245, 


12 


MR. MURRAY’S LIST OF NEW PUBLICATIONS, 


EGYPT. 


By MR. VILLIERS STUART, M.P. 


Nile Gleanings: Concern- 


ing the Ethnology, History, 
and Art of Ancient Egypt, as 
revealed by Egyptian Paintings 
and Bas-Reliefs. With descrip- 
tions of Nubia and its Great 
Rock Temples to the Second 
Cataract. 


With 58 Coloured and Outline | 


Plates, from Sketches and Impres- 


sions taken from the Monuments. | 


Royal 8vo. 315. 6d. 


The Ancient Egyptians. 


Their Private Life, Manners 
and Customs, &c. Derived 
from a comparison of the 


The Funeral Tent of an 


Egyptian Queen 


(Contemporary with  So- 
Jomon), lately discovered at 
Thebes. Printed in fac-simile 
from the authors drawings, 
with translations of the texts 
and emblems. With some 
account of the latest dis- 
coveries at Thebes, Meidoum, 
Dashoor, Sakkarah, &c. 


With numerous Illustrations of 
important Historical Monuments. 
With 30 Plates. Royal 8vo. 18s. 


Egypt under the Pharaohs. 


Derived entirely from the 
study of the Monuments. With 
a Memoir on the Exodus of 


aun, si aad and the Israelites and the Egyptian 
Monuments’ with Ancient 

Monuments, 
Authors. 


By Sir J. GARDNER WIL- | 


By Dr. HENRY BRUGSCH. 


KINSON. A New Edition, Translated by PHILIP SMITH 
revised by SAMUEL BIRCH, and DANBY SEYMOUR. 
LL.D. Coloured Plates and | Second Edition. With new Preface 
Illustrations. 3 Vols. Medium 8vo. | and Notes, Maps and Plans. 2 Vols. 
845. 8vo. 325. 

a oe 


A Book of Family Prayers. 


SELECTED FROM THE LITURGY OF THE CHURCH OF 
ENGLAND. 


By CHARLES E. POLLOCK. 


Foolscap 8vo. 35. 6d. 
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DR. SCHLIEMANN. 


Ilios. Mycene and Tiryns. 


A Complete History of the | A Narrative of Researches 
Cityand Country of the Trojans. and Discoveries. 

Including an Autobiography With a Preface by the Rr. Hon. 
of the Author. W. E. GLADSTONE, 

With 2,000 Illustrations. Imperial With 500 Illustrations. Medium 
8vo. 505. 8vo. 50s. 

———_++—__——__ 
A Popular Account of Peru- | The Gardens of the Sun. 
vian Bark. A Naturalist’s Journal on the 

And of its Introduction and eas and in the Forests 
Rea Gon in India and Swamps of Borneo and 

‘+ : the Sulu Archipelago. 

By CLEMENTS R. MARK= By F. W. BURBIDGE, Trinity 
HAM, C.B., F.R.S. With Maps College, Botanical Gardens, Dublin. 
and Woodcuts. Post 8vo. 14s. With Illustrations. Crown 8vo. 145. 

THE 


Light Cavalry Brigade in the Crimea: 


FROM LETTERS AND JOURNALS. 
By the late General LORD GEORGE PAGET. 
Map. Crown 8vo. 10s, 6d. 
oe 


The Cat. 


AN INTRODUCTION TO THE STUDY OF BACK-BONED 
ANIMALS, ESPECIALLY MAMMALS. 


By ST. GEORGE MIVART, Ph.D., F.R.S., 


Author of “ Lessons from Nature,” &c., &c., Vice-President of the Linnean Society and of the 
Zoological Society. 


With 200 Lilustrations. Medium 8vo, 30s. 


‘*A book such as this opens up a vista of novel views. Professor Mivart has not merely 
brought together the labours of other students ; he has minutely examined every aspect of the 
subject for himself, and his investigations respecting the anatomy of the cat show that he has 
been at immense pains to verify by dissection and observation each assertion that he makes. 
The book is written for biologists, but those who know little of anatomy will consult it out of 
curiosity. They will find much to interest them in many matters, such, for instance, as the 
difficult and obscure history of the animal of which it treats." — Z¥mcs. 
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THE SPEAKER’S COMMENTARY. 


‘“THERE CAN BE NO QUESTION THAT THE SPEAKER'S COMMENTARY WILL SUPERSEDE 
ALL OLDER COMMENTARIES FOR ENGLISH READERS, SO FAR AS AN EXTERNAL 


COMMENTARY IS CONCERNED.'’—Guardian. 


A Commentary on the Holy Bible: 


EXPLANATORY AND CRITICAL, WITH A _ REVISION 
OF THE TRANSLATION. 


BY THE BISHOPS AND CLERGY OF THE ANGLICAN CHURCH. 
Edited by F. C. COOK, M.A., 


Canon of Exeter, and Chaplain to the Queen. 


THE OLD TESTAMENT, Complete = 6 Vols. Medium 8vo. 
ADEs, 


Vor. I.—Genesis—Deuteronomy. 305. 
II,—Joshua—I. Kings. 20s. 

IIJ.—II. Kings—Esther. 16s. 
IV.—Job—Song of Solomon. 24s. ; 
V.—Isaiah, Jeremiah, Lamentations. 20s. 
VI.—Ezekiel—Malachi. 255. 


THE NEW TESTAMENT. Complete in 4 Vols. Medium 8vo. 
L4 145. 


Vout. I1.—SS. Matthew, Mark, Luke. 18s. 
II.—St. John, Acts of the Apostles. 20s. 
III.—Romans—Philemon. 28s. 

,, 1V.—Hebrews—Revelation. 28s. 


* * The Book oF PsALMs and THE GOsPEL ACCORDING TO ST. JOHN ate sold 
separately, price 10s. 6d. each. 
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4 Vols, Crown Svea. 75. 6d. each 


The Student’s Edition of the Speaker’s 
Commentary. 


Abridged and Edited by J. M. FULLER, M.A., 


Vicar of Bexley, Kent, and formerly Fellow of St. John’s College, Cambridge, 


THE OLD TESTAMENT. 


Vol. II. JosHUA—ESTHER. 


Vout. I. GENESIS—DEUTERONOMY. 
Vol. IV. IsAtAH—MALACHI, 


VoL. III, Jos—Sonc oF SOLOMON. 


50, ALBEMARLE STREET, 
January, 1883. 
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LIST OF 
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THE STEAM HAMMER. 


James Nasmyth, 
ENGINEER AND INVENTOR OF THE STEAM HAMMER. 


AN AUTOBIOGRAPHY, 


Edited by SAMUEL SMILES, LL.D. 


With Portrait etched by RAJON and 90 Lllustrations. Crown 8vo, 


Journal of a Lady’s Travels 
Round the World. 


INCLUDING 


VISITS TO JAPAN, THIBET, YARKAND, KASHMIR, JAVA, THE 
STRAITS OF MALACCA, VANCOUVER ISLAND, &c. &c. 


By F. D. BRIDGES. 


With a Map and Illustrations from Sketches by the Author. Crown Sve. 
; [Nearly Ready, 
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The Revision Revised. 


THREE ESSAYS ON THE REVISED VERSION OF THE NEW 
TESTAMENT REPRINTED FROM THE QUARTERLY REVIEW : 


(I.) THE NEw GREEK TExT; (II.) THE NEw ENGLISH VERSION ; 
(III.) Westcotr AND Hort’s TEXTUAL THEORY. 


THOROUGHLY REVISED AND CORRECTED. 


WITH A REPLY TO THE BISHOP OF GLOUCESTER AND BRISTOL’S PAMPHLET IN 
DEFENCE OF ‘‘ THE REVISION AND THE GREEK TEXT OF THE 
NEw TESTAMENT.” 


By JOHN W. BURGON, B.D., 
Dean of Chichester. 


8v0. 


The Golden Chersonese and the 
Way Thither. 


By ISABELLA BIRD (Mrs. BISHOP). 
With Map and Illustrations. Post 8vo. 


‘To Agra and Lahore of Great Mogul 
Down to the Golden Khersonese.” 
Paradise Lost, Book xi, 


Mexico To-Day. 


A COUNTRY: WITH» A“GREAT FUTURE: 


AND A GLANCE AT THE PREHISTORIC REMAINS AND ANTIQUITIES 
OF THE MONTEZUMAS. 


By THOS. UNETT BROCKLEHURST. 


With Map, Colored Plates and Woodcuts from Sketches by the Author. Medium 8vo. 
[Nearly Ready. 
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Memoir of the Life of Lord 
Lyndhurst, 


THREE TIMES LORD CHANCELLOR OF ENGLAND. 
FROM LETTERS AND PAPERS IN POSSESSION OF HIS «FAMILY. 


By Sir THEODORE MARTIN, K.C.B., 
Author of ‘‘ The Life of the Prince Consort,” ‘‘ The Works of Horace,” &c. 


With Portraits. 8vo. 


Worship and Order. 


By the RIGHT] HON. A. J. B. BERESFORD HOPE, M.P. 
8vo. 
CONTENTS: 


DiocEsEs, CATHEDRALS AND COLLEGIATE CHURCHES. 
I.—Diocesrs BY LOCAL EXERTIONS, 
II.—ORGANIZATION OF CATHEDRAL AND CAPITULAR INSTITUTIONS IN 
LARGE TOWNS. 

III.—CoLiLeciare CHURCHES IN LARGE Towns. 
IV.—CATHEDRALS IN THEIR MISSIONARY ASPECT, 

Dean Howson: ‘‘ BEFORE THE TABLE.” 

ORATORIANISM AND ECCLESIOLOGY. 

THE RIDSDALE JUDGMENT. 

LokD SELBORNE AND Mr. PARKER. 

PEACE IN THE CHURCH. 


The Principal Facts in the 
Life of Our Lord. 


AND THE AUTHORITY OF THE EVANGELICAL NARRATIVES. 
Six LecTurREs PREACHED IN ST. JAMES’s, WESTMINSTER, 


By HENRY WACE, D.D., 


Prebendary of St. Paul’s; Preacher of Lincoln's Inn; Professor of Ecclesiastical 
History in King’s College, London. 


Crown 8vo. 
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Recollections of 
Arthur Penrhyn Stanley. 


LECTURES DELIVERED IN EDINBURGH, IN NOVEMBER, 1882. 
By G. GRANVILLE BRADLEY, D.D., Dean of Westminster. 


Crown Svo. 


Walks in the Borderland of 
Science. 


ESSAYS, PHYSICAL, MORAL, AND RELIGIOUS. 


By HARVEY GOODWIN, D.D., 
Lord Bishop of Carlisle. 


Crown Sv. 


+e 


Handbook—North Wales. 


BANGOR, CARNARVON, BEAUMARIS, SNOWDON, LLANBERIS, 
DOLGELLY, CADER IDRIS, CONWAY, ETC. 


A New and Revised Edition. Map. Post 8vo. 


Handbook—Denmark, 
SLESWIG, HOLSTEIN, COPENHAGEN, JUTLAND, ICELAND. 


A New and Revised Edition. Map. Post &wo. 


Results of the Latest Excavations 
at Troy (Hissarlik), 


TOGETHER WITH A RECENT JOURNEY THROUGH THE TROAD. 
By HENRY SCHLIEMANN. 


With many new Illustrations and Plans. Medium 8vo. 
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The ie and Achievements. of 
Edward Henry Palmer. 


LATE PROFESSOR OF ARABIC, CAMBRIDGE. 
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From HIs BIRTH TO HIS MURDER BY THE ARABS OF THE DESERT, 1882. 


By WALTER BESANT, M.A. 


With Portrait. Crown 8vo. 


CONTENTS : 
CHAPTER CHAPTER 
I. THE DAy OF SMALL THINGs. VIII. DoMEsTIc TROUBLES. 
II. CAMBRIDGE. IX. THe Last THREE YEARS. 
III. THk SuRVEY OF SINAL X. THE RIDE OF THE SHEIKH AB- 


IV. THE DESERT OF THE EXODUS. 

V. Ten YEARS OF WORK, 

VI. THE RECREATIONS OF A PUNDIT. 
VII. PALMER AS A POET. 


XI. THE DEATH 


DULLAH. 
OF THE SHEIKH 
ABDULLAH, 


Dissertations on Early Law and 
Customs. 
BEING SELECTIONS FROM OXFORD LECTURES. 


By Sir HENRY S. MAINE, K.C.S.I., 


Author of ‘‘ Ancient Law,” ‘ Village Communities,” &c. 


CONTENTS: 
I. THE SACRED LAWS OF THE HINDUS. VII. THEORIES OF PRIMITIVE SOCIETY. 
II. RELIGION AND LAw, VIII. East EuvroreAN House Com- 
III. ANCESTOR-WoRSHIP. MUNITIES, 
IV. ANCESTOR-WoRSHIP AND INHERI- IX. THe Decay oF FEUDAL PRO- 


TANCE, 


PERTY IN FRANCE AND ENG- 
V. Roya SUCCESSION AND THE SALIC LAND. 
Law. X. CLASSIFICATIONS OF PROPERTY. 
VI. THe KING, IN HIS RELATION TO XI. CLASSIFICATIONS OF LEGAL 


EARLY CIVIL JUSTICE, RULEs. 


8zo. 
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The Parthenon. 


AN ESSAY ON THE MODE IN WHICH LIGHT WAS INTRODUCED 
INTO GREEK AND ROMAN TEMPLES. 


By JAMES FERGUSSON, C.1.E., F.R.S., D.C.L., LL.D., 


Author of ‘‘ History of Architecture,” &c., &c. 


4fo. 


The Earldom of Mar: 


A LETTER TO |THE LORD CLERK REGISTER OF SCOTLAND, 
THE EARL OF GLASGOW. 


. By THE EARL OF REDESDALLI. 


8vo. Is. 
[Wow Ready. 


Life and Writings of St. John 
the Divine. 
By the BISHOP OF DERRY AND RAPHOE. ’ 


2 Vols. 8vo. 


aa 


A Glossary of 
Peculiar Anglo-Indian Colloquial 
Words and Phrases. 


ETYMOLOGICAL, HISTORICAL, AND GEOGRAPHICAL. 
By Col. HENRY YULE, C.B., and the late ARTHUR BURNELL, Ph.D. 


8vo. 


MR. MURRAY’S LIST OF WORKS IN THE PRESS. 2t 


Religious Thought and Life 
in India. 
AN ACCOUNT OF THE RELIGIONS OF THE INDIAN PEOPLE, 


BASED ON A LIFE’s STUDY OF THEIR LITERATURE, AND ON 
PERSONAL INVESTIGATIONS IN THEIR OWN COUNTRY. 


By MONIER WILLIAMS, M.A., 


Professor of Sanskrit in the University of Oxford. 


Svo. 


PRACTICAL AND CONVERSATIONAL POCKET 


Dictionary of the English, French, 
and German Languages. 


DESIGNED FOR THE USE OF TRAVELLERS AND STUDENTS 
GENERALLY. 


By GEORGE F. CHAMBERS, F.R.A.S., 


Of the Inner Temple, Barrister-at-Law. 


Small 8vo. 


FOURTH AND CONCLUDING VOLUME OF THE 


Dictionary of Christian Biography, 
Literature, Sects, & Doctrines; 


DURING THE FIRST EIGHT CENTURIES. 
Edited by WM., SMITH, D.C.L., and HENRY WACE, D.D. 


Medium S8vo, 
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A Dictionary of Hymnology. 


SETTING FORTH THE ORIGIN AND HIsTORY OF THE HyMNs IN COMMON USE, A 
DESCRIPTION OF THE MOST POPULAR HYMNALS, AND BIOGRAPHICAL NOTICES 
OF THEIR AUTHORS AND TRANSLATORS, 


By JOHN JULIAN, F.B.S.L., 
Vicar of Wincobank, Sheffield. 


. THE History OF EVERY HYMN IN GENERAL USE, EMBRACING ORIGINALS AND TRANSLATIONS. 

. Notices or AuTHORS, TRANSLATORS, AND ComPiLers OF Hymns 

. ENQuIRIES INTO ANoNyMouS AUTHORS OF Hymns. 

. OriGINs oF Hymns IN GREEK, LaTIN, AND GERMAN—ON SERviIcE Books, BREVIARIES, EARLY 
Hymn Books, &c.; Hymns In ForeIGN LancuaGEs, Frencu; DANISH, AND GERMAN, &€ 
FROM WHICH TRANSLATIONS HAVE BEEN MADE INTO ENGLISH. 

5. THE Sources OF ENGLISH HyMNoLoGy. 


&W NH 


8zo. 


Italian Principia, Part Il. 
A FIRST READING BOOK. 


CONTAINING FABLES, ANECDOTES, HISTORY, AND PASSAGES 
FROM THE BEST ITALIAN AUTHORS. 


WITH GRAMMATICAL QUESTIONS, NOTES, AND A COPIOUS 
ETYMOLOGICAL DICTIONARY. 


1270. 


London: 
ITS HISTORY, ANTIQUARIAN AND MODERN. 
Founded on the Work by the late PETER CUNNINGHAM, F.S.A. 


A NEW AND THOROUGHLY REVISED EDITION 
By JAMES THORNE, F.S.A., 


3 Vols. 8v0. 
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Student’s Manual of Ecclesiastical 
History. 


A HISTORY OF THE CHRISTIAN CHURCH FROM THE EARLIEST 
TIMES TO THE REFORMATION. 


By PHILIP SMITH, B.A. 


With Woodcuts. 2 Vols. Post 8vo. 75s. 6d. each. 


BOOK I.—From THE TIMES OF THE APOSTLES TO THE FULL ESTABLISHMENT OF 
THE Hoty ROMAN EMPIRE AND THE PAPAL POWER. A.D. 30—1003. 
[Mow Ready. 


BOOK II.—TuHE MippLe AGES AND THE REFORMATION. 1003—1598. 
[Nearly Ready. 


The Student's History of the 
Roman Empire. 


FROM THE ESTABLISHMENT OF THE EMPIRE TO THE ACCESSION 
OF COMMODUS, a.p. 180. 


Post 8vo. 


This Work will take up the History at the point at which Dean Liddell leaves off, and 
carry it down to the period at which Gibbon begins. 


The Student’s History of Modern 
Europe. 


FROM THE END OF THE MIDDLE AGES TO THE 
TREATY OF BERLIN, 1878. 


Post 8vo. 
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The Student's Evidences of 
Christianity. 


By HENRY WACE, D.D., 


Preacher at Lincoln’s Inn ; Professor of Ecclesiastical History, King’s College, London. 


Post 8vo, 


‘We are glad to hear that Mr. Wace is preparing for Mr. Murray's Student’s Series 2 
Manual of the Evidences of Christianity, a work long wanted, which could not be placed in 
better hands.”— Quarterly Review. 


The Apocrypha. 
WITH A COMMENTARY, EXPLANATORY AND CRITICAL, 
By VARIOUS WRITERS. 


Edited by Kev. HENRY WACE, D.D., 


‘Preacher of Lincoln’s Inn ; Professor of Ecclesiastical History, King’s College, London. . 
2 Vols. Medium 8vo. 


(UNIFORM WITH THE ‘‘SPEAKER’S COMMENTARY.”) 


The Student's Commentary on 
the New Testament. 


Abridged from the ‘‘ Speaker’s Commentary,” and Edited by 


J. M. FULLER, M.A., 
Vicar of Bexley, and formerly Fellow of St. John’s College, Cambridge. 


VoL. I.—THE GosPELs AND ACTS OF THE APOSTLES. 


VoL. II].—THE EPISTLES AND REVELATION. 


Crown S8vo. 
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